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PREFACE TO FOURTH EDITION. 



In preparing this edition I have kept the general arrangement of the work 
unchanged. The adootion of the revised spelling is the most important altera- 
tion. The chapter on the Urine has been largely re- written, and I have 
embodied in it several of the important results obtained by Dr. D. D. Stewart 

in his study of tests for albumin and its congeners. 

H. L. 

715 Walnut St., Phila. 
October, 1894. 
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COMPEND OF CHEMISTRY. 



ELEMENTS. 

Chemistry is the science that investigates the composition of matter and 
the changes that take place in it. 

Matter is anything that occupies space and has weight. 

Changes may be physical or chemical. Physical change is in general that 
which occurs without change of composition. The most frequent instances 
of true physical change are those known a§ changes of state. Matter exists in 
at least three states — the solid, liquid and gaseous. The conversion of a body 
from one of these conditions to the other takes place under the influence of 
change of temperature, and is not necessarily attended by any alteration of 
composition. Such is the case in the conversion of ice into water, or water 
into steam, or the reverse. The development of magnetic properties in iron 
is another example of a physical change. In many cases the conversion of a 
solid into a liquid, or of a liquid into a gas, is attended by change of compo- 
sition, and, therefore, is not merely a physical change. Chemical change is 
that attended by alteration of composition. The rusting of iron, burning of 
coal, rotting of animal and vegetable matter, are familiar instances of chemi- 
cal change. 

Forms of Chemical Change. — These are combination, decomposition, 
and re-arrangement. Combination is the association of bodies to form a new 
substance. Decomposition is the separation of a body into new substances. 
Re- arrangement refers to cases in which new bodies are formed without com- 
bination or decomposition. Decomposition cannot be carried on indefinitely. 
No matter what substance is taken for experiment, there will ultimately be 
reached bodies which are incapable of further decomposition by any method 
known to us. For example, chalk may by heat be decomposed into two svLb- 
stances, one a colorless gas, called catboTV dKo'siv^*, \\v^ qJC^^x ^^^x^^R.^$'^^«^«x^ 

9 



10 INORGANIC CHEMISTRY. 

called calcium oxid, or, commonly, lime. These products are different from 
the chalk and from each other, but they do not represent the limit of decom- 
position, for by special methods efch can be made to yield two substances. 
The lime yields a solid (called ca^ium) and a gas called oxygen ; the carbon 
dioxid yields a solid (called carbdn) and a gas which is the same as that from 
the lime, namely, oxygen. The substances obtained infttiis second step are 
incapab^e^of iurt];i^r,4eco|i|p9sition by nay^knov^ipcqcf s^. J^propeeding in 
this way^wit^ 4II .^qqwu ,^bst^0.ces, ctieisists'iiaire djaterv^a^d Jtiisjimits of 
decomposition, and have established that all material objects may be regarded 
as formed from a limited number of undecomposable substances. These are 
called elements. So far as at present known these elements are entirely inde- 
pendent forms, and are incapable of conversion into one another. 

About eighty elements are now known, and the number is from time to time 
iiiuar«ftaed:l^^tbeadA»Qovery .of .]a«w,ones. £^ery substance ki^awn ,to us is 
either one of these elements or a combination .of twoormmre of th<^m. Con- 
sequently all bodies are divided into two cla&s/tSy elementary bhA compound. 
The main object of chemistry is to discover what elements are present in any 
body- «md what are. the laws governing the action of 'the elements upon each 
other. 

Analysis. and Syntl^iesis. — ^When the composition of a body is det^rmioed 
by separating the .elements contained in it, the process is called analysis ; 
.when bodies are produced by combining elements the process is called 
synthesis. 

Natmre Qf tl^e EUfimc^ptjS.-rTA .talkie of all jthe . elements; fit pi^sent jiefi- 
.nitely .known will, be found ^t the end of ,the,book. For the purpose of pre- 
Uminary^tudy it will be necesj^ry to enumierate pnly a few, as ipany of the 
elements occur only in tiare substapces. For Sscientific puipoaes they are usually 
arnu3ged. in groups in which those bearing, (he closest ;resemblance are. brought 
tqg[Cther. The following table is.a,proyisiQi)^l grouping of the important ele- 
ments, and the student will find it advantageous to commit these to .memory, 
OS the arrangement will aid in future study. 

Oxygen Group. Chlprin Group, %Nilrfig£n Group. Cordon Group. 

Oxygen, Chlorin, Bo^on, Carbon, 

Sulfur, Brpmin, Nitrogen, Silicon, 

Selenium, lodin, Phosphorus, Tin, 

Tellurium. Fluomi. Arsenum, Platinum. 

-V j£ "^ y Antimony, ^ *ljj^ 

rXu 4b*gulf i^ Bisn^th, ^'^ 



«^4r^T 








0^.^<t 
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Mer cury . 

Recent -ttbsenrations on «evtain rare -elements hare Jndicat«d a possibility 
<ff breaking them into ampler forms, and it appears probable that in afew 
years our views as to the nature of the elements will undergo change. 

iH&mic 7)i^9r^.—^We "may reduce any solid, a piece of sulfur, for instance, 
to powder, and it would -seem- as if no limit existed to -such division. Chem- 
ists, however, 'are -now generally of the opinion that a limit does exist, and 
that every substance is made up of particles of definite size and incapable of 
further division. Such particles are very small, and equally hard, no matter 
what the nature of the mass which they constitute. They are called ATOMS 
(a word signifying indivisible) ; any mass of elementary matter consists of a 
cdilection of -a greater or less number of these atoms. It is believed that>tfae 
atoms are rarely, if ^ever, perfectlyfr«e,'but associated in groups, -called 4ifoi£- 
CULES. When, therefore, we .powder the sulfur, we merely separate the 
molecules from each other. 

Molecules consisting of one kind of atoms are called elemental molecules ; 
those containing more than one kind are called compound molecules. 

Atoms and molecules are believed to be in a constant state of vibration, the 
rapidity of which increases with increase of temperature, and is, therefore, 
more rapid in the liquid than in the solid state, and still more rapid in the 
gaseous condition. This is known as the kinetic theory. 

When a solid^becomes a liquid'or a liquid becomes a gas, or the 'reverse 
occurs, the mdeculesare not changed, but merely separated from one another. 
Hence- the attms in sulfur vapor are as hard and solid as those of solid sulfur, 
bat in ^Oie rapor tiie molecules which they form -are separated by greater ^ 
distances iiian in.Uie case of the solid. 

The force which holds atoms together and forms them into molecules is a 
chemical 'force, «nd 4s called chemical affinity. Any number of mole- 
MihF-oi ^e same Idnd-may be held together in a mass ; the force that does, 
this is called cohesion. 

As yettmly the relative atomic weights of tSafc e\«iawte >B»s^\>ft«a. ^^kx- 
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mined by chemical researches ; in these the hydrogen atoms, as they possess 
the least weight, have been taken as unity. Until now the knowledge of the 
absolute atomic weight for chemical considerations has been unessential. At 
the present time different -physical phenomena permit fixing the absolute size 
of the atom with considerable acciu^cy (Richter). Very different considera- 
tions lead to the same conclusion, that the atoms cannot be smaller than the 
fifty-millionth part of a millimeter (Thomson). Loschmidt gives the diameter 
of a molecule of hydrogen at 0.0900PO4 of a millimeter. The atomic theory 
was known to some of the Greek philosophers. One of them describes the 
nature of matter in terms resembling those used in modem works. 

Atomic Weights. — Chemists have never been able to isolate or render visible 
atoms or molecules. Nevertheless, the progress of chemical research has 
developed some general principles. 

1st. That the atoms of each element have a constant and definite weight. 

2d. That the atom of hydrogen is the lightest of all. 

3d. That combination takes place among atoms under the action of 
chemical afHnity. 

Starting with the first two principles numbers have been obtained which 
are supposed to represent the weight of each atom compared to the atom of 
hydrogen. These numbers are called atomic weights. 

In any compound the sum of all the atomic weights is, called the molecular 
weight. Thus, sulfuric acid is H2SO4 ; its molecular weight is 98. 

H,= 2(2X1) 

S = '?2 

0, = 64(i6X4) 
98 



NOTATION. 

In chemistry, a symbol is an abbreviation of the name of an element ; in 
most cases an initial letter is used, as C for carbon, P for phosphorus. Since 
some elements have names beginning with the same letter, proper distinction 
is obtained by assigning the single letter to the most common, and attaching 
small letters to the other initials. Thus, C stands for carbon, Ca for Calcium, 
CI for chlorine, Cd for cadmium. Some elements have different names in 
different languages, and for these the s)rmbol is formed from the Latin name. 
Iron, for instance, is represented by Fe (ferrum) ; lead by Pb (plumbum) ; 
silver by Ag (argentum) ; potassium by K [kalium). 

To express combination between elements — in other words, to express the 
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composition of a compound body or of a molecule — ^the symbols are to be 
written together like the letters of a word. Such a collection of symbols is 
called a formula. 

The symbol, however, not only represents the element, but one atom of it. 
The expression CaO not only shows a compound consisting of calcium and 
oxygen, but also indicates that it contains a single atom of each element. 
CaOj shows that two atoms of oxygen are present and one of calcium. ' In 
writing these expressions certain rules are followed : — 

1st. To multiply any single atom, a small number is attached to the lower 
right hand, as seen above, where O, indicates two of oxygen. The formula 
CgH^Oj shows a combination consisting of two atoms of carbon, four of hy- 
drogen and two of oxygen. 

2d. To multiply several atoms by the same number, we put a large figure 
in front. Thus 2HCIO is equal to HgCl^O, ; that is, the large figure mul- 
tiplies the whole expression. 

3d. To multiply a portion of an expression, several methods are in use. 
We may enclose the part to be multiplied in parentheses, and attach the 
proper number to the right-hand comer. Ba(NOj)2, for instance, equals 
BaNjOg; C6H8(N02)j05 equals CgHgNjOg, The effect of the small figure 
is limited to the part within the parentheses. This method is especially 
adapted to multiplying symbols in the middle or at the end of a formula. To 
multiply the symbols at the beginning of a formula, we usually point off or 
punctuate the part to be affected, and place a large figure in front. Some 
irregularity prevails as to the particular sign used, the comma and semicolon 
both being employed. It is sufficient for the student to bear in mind that a 
punctuation mark or plus sign occurring in a formula will stop the multiplying 
effect of the large figure at the beginning of the expression. For instance, 
2CaH5,HjN, is equal to QHioHaN ; similarly, in 2FeS04 -f HCl the letters 
following the plus sign are not affected by the figure 2. If we wish to carry 
the multiplying effect to the end of the expression, we enclose it in parenthe- 
ses ; thus, 2(FeS04 + HCl). Here all the letters are equally influenced. 

Since the symbol of each element represents one atom, it follows that every 
symbol carries with it an idea of quantity. If we write HCl, the meaning is 
not merely that hydrogen and chlorin i^e in combination, but that the amounts 
by weight are in the proportion of the atomic weights; i.e., i (atomic weight 
H) to 35.4 (atomic weight CI). When the symbol is multiplied, the weight 
is also multiplied. For instance, H^O represents 2 parts by weight of H to 
16 of O; HgClj, represents 200 parts of mercury and 70.8 (35.4 X 2) parts 
of chlorin. 
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NOMENCLATURE. 

The names of chemical compounds are regulated by a ^fsKmm >whi<^ d«« 
pfsnds essentiiUly upon, the employment of certain, terminalioifi. 

In the old division of the elements inta metals aad non-metals^ the* metite 
were ususUly distinguished by the' terminatioa^'iMW..*' A change o£< this 
termination^ into " a* ' indicated combination with oxygen^ Potassium (K) 
becomes by oxidation, potassa (K^O) ; sodium (Na) becomes soda (Na^O).; 
magnesium (Mg)becomeS' magnesia (MgO).- As the" name of many of^ the 
common metals, do not end in ** vaa** unless the Latin name b used, this- rule 
is only of limited application. The tendency of the modem nomenclature is 
to make but little change in names ending in ** um.." 

Chemical compounds whi^ contain oniy tw« elements are called' binary 

compounds. They ai«e usually named by joining the names of the elements 

present and attaching to one of them the termination << »/." Thisc tenniBA» 

tion may be conveniently regarded as an equivalent of th^ ^irase " nothing 

else ;*' that is, wherever it occurs it indicates that nothing else- is^ present eit*- 

cept what is ^cpressly mentioned. Potassium iodsM^^ forinstanoev can contain 

nothing else but potassium and iodin \ copper suUmT can ooataia xx>yung, but 

copper and sidfur. 

PbO .... Lead oxu/. 

NaCl .... Sodium chlortif/. 

AgBr .... Silver bromtV/. 

The syllable << id " is usually attached to the members of the oxyg^, 
chlorin, nitrogen and carbon groups, and preferably to those of the first two 
groups. Thus, a <x>mpou&d of iron and carbon is called-, iron carUd, but a 
compound of carbon and chlorin is called carbon chlorid. 

In many books, e^edally in older works, the word << c^'' will' be found 
firequently used in the names of compounds. Instead of copper nitrate, we 
see nitrate of copper, iodid of potassium for potassium, iodid. 

As elements may combine in several proportions, forming several: different 
compounds, this termination id does not suffice. The bodies Cu^ and CuO 
are both prc^rly called copper oxid, because they contain only copper and 
oxygen, but they are different. In the same way, SO^ and.. SOy are both 
sulfur oxids. The distincti<»i is made by prefixes, 

CujO . . . Copper j«;5oxid. . 

CuO ... ** »f(?«oxid (formerly /fv?/^ was uised). 
SO, . . . Sulfur <^bxid (formerly detU or Hn was used. 
SO, ... " /nbxid (also tero\id). 
CCl^ . . . Carbon tetrachlorid or quadrichlorid. 
PClg . . . fl^osphorv& pentachlorid^ 



SuHr fgtmnXHf 'm^tkit^ defidiefK^iT; t^<^ '^t tltft tto qoamity of the 
element to which it is attached is less than it should^ be; We apply^ the 
tJ^m sitb espedtflty to compdutid^' id' which a- Aetab«r d^ tfair okygeo or 
tibfoito grou^ id defic^Y iff aiifbttkif. Fb^Cl, Txs^y Osfi i»«tild be ^d^ 
compotnlds. 

Some elements fonn compemids in which the proportion^ i« as i to i^, but 
as fractions are not allowed in formulae, the whole expressioa-is^multiplied by 
2y which gives the proportion 2 to 3. FeOi^ becomes^\ therefore, Fe,0,. 
These are caUed< ses^i compounds. Fe^O, is iron sesq^iexid. The word 
sesgui means one and a hfdf, and conveys the idea that the relation between 
the two elements is as I to I ^ (2 to 3). 

There is no uniform method for giving names to compounds containing 
more than two elements. Sometimes the system is the same as that just 
^vim ;^1 tl»releai)en(ts a^ Aentioaed asid the^t»mtoa^ir<*1d'' ii atttfcbiied. 
Thus KHO is potassium hydroxid, NaHO is sodium hydroxid. Ik odter 
eii^eft^ a piorftotf of the^ dompoutid is includbd lAsdet a gtoap name, aad this is 
jolted' with the niOfiefi of the other elei&ents aceotditiig! to the above nxlel 
thv^ KCN is not c^led pota^stum caibio&ttrid, but the CN i» ciAed cjranogie]^ 
and the entire compound is called potassium c^a&idk 

Among the compounds containing three elements are these> which we call 
saUs. If we put zinc or zinc oxid into sulfuric acid, we get>a zinc salt ; in 
this case zinc sulfate: also by direct union of many oxids'; for instance, 
when calcium oxid, CaO,acts upon carbon dioxid, CO,, we get calcium car- 
bonate, CaCQ,, which is a salt. 

Most ^»!ts dont»n- fkrw eXemem^y^f which oxygm i» otm^ and die mitnes 
are made by joining the names of the other two elefltent^ wid iK^ing to thett 
certain syllables which not only indicate the presence of oxygen,- but also 
partly the amount. These syllables are ate and ite. The former indicates the 
greater quantity of ox^en. The potassium ^xiXiate and'potassiui* sQlfii^ bbth 
contain oxygen, but the former (sulfa/^) contains the nfore oxygett. Sodium 
nitrd^^ and sodium vi\\xite contain the same elements, but their eomposition is 
NaNO, and NaNO,, respectively. 

It has been pointed out that the syllable id conid beregafded as eqmva- 
lent to ther phrase " nothhlg dse;" In the same maniier> the syllables aU 
sc^ ite ma^ be i^egfarded as mealiing <* something el^,'* gienemlly ostygev. 
Thus, while in sodium sulfiV but two elements tire {^resent, sodhim sulfo/^ 
and stolff^i? will contain three. 

These two terminations are not sufficient. Potassium, dilortn a&d oxygen 
miite in four diflfeient proportions, forming KCIO4, KClOj, KOO^, KClOv 
Jn ^i;ch c^s^s the important oy |nos\ co\n\tioti q^»ea^ft«sxA: \> ^ss^ssjgfe^o^^^ 



s 
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the termination atg, and the one containing the next lower amount of oxygen 
by the termination t^f. 

The other compounds are indicated by the use of certain extra syllables, 
Aypo and hyper ^ the latter now generally abbreviated to " per.** The sig- 
nificance and use of these syllables are shown in the following table : — 

KCIO4 . Potassium perchlorate, 

KCIO, " chlorate. 

KCIO, " chlorite. 

KCIO " hypochlorite. 

Na,SO^ Sodium sulfate. 

Na^SO, ** sulfite. 

NajSOj ** h3rposulfite. 

When hydrogen is present in such compounds, a different method is 
adopted. 

Thus we have HCIO^, HClOj, HClOj, HCIO, and these might be called 
hydrogen perchlorate, hydrogen chlorate, etc. The usual method is to drop 
the word hydrogen, change the termination ate into ic^ the termination ite 
into ousy and add the word acid, 

HGO4 PerchlortV acid. 

HClOj ChlonV acid. 

HCIO, Chlor^fAT acid. 

HCIO Hypochlor^wj acid. 

The prefixes are retained without change, and the syllable tc corresponds 
to aie, and the syllable ous to ite. 

Potassium sulfate 1 ^r.^^^,^^A^ *« / Sulfuric acid 

K,SO, I corresponds to | jj.SO, 

Potassium sulfite \ ,, / Sulfurous acid 

KjSOs / I HjSO, 

Potassium hyposulfite \ „ f Hjrposulfurous acid 



} •• { 



K2SO2 / I Hj,SO, 

Sometimes the hydrogen is only partly replaced by another element, and 
the body intermediate between the acids and the salts. Thus KHSO4, is at 
once a potassium and a hydrogen compound. It is called acid potassium sul- 
fate. The word add calls attention to the hydrogen. These acid salts are not 
unfrequently called ^i-salts. Acid potussium sulfate is known in commerce 
as potassium bisulfate ; the corresponding acid carbonate, KHCO3, as bicar- 
bonate. The use of the syllable di is improper. In a few cases "^t'* is 
ased where *'*di*' is now preferred. 
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The terminations ** ous" and ** ic " are employed with elements forming 
two sets of compounds. 

Iron forms two chlorids, two iodids, two sulfids, etc., as follows : — 

FeO FeClj FeSO^ Ferrw#j salts. 

FcjOj FejClg Fej(S0j5 Ferric « 

These terminations do not indicate the amomit of the element to which 
they are attached, but of the other substance ; ous, as usual, means less 
than tc, 

LAWS OF COMBINATION. 

The great law of chemistry is the law of constani proportion. Each 
chemical compound is definite in its nature, the proportion of its constituents 
being constant. Water, for instance, when pure, always consists of 1 1. II 
per cent, of hydrogen and 88.89 P^r cent, of oxygen. 

Elements, however, are not limited to one proportion of combination, but 
in each proportion a different body is produced. Thus, there is a compound 
containing about six per cent, of hydrogen and ninety-four per cent, of 
oxygen. It is, however, very different from water. So, also, there are five 
compounds of nitrogen and oxygen, all different bodies. When the pro- 
portions present in different compounds are expressed in terms of atomic 
weight, it is generally found that a simple multiple relation exists. For instance, 
the two compounds of hydrogen and oxygen have the formula, respectively. 

H,0 ...... Water. 

HjO, Hydrogen dioxid. 

The five compounds of nitrogen and oxygen are NjO, NO, NjOj, NO,, 
N.Og. 

The fact has given rise to a second law, or rather rule, called the law of 
multiple proportion, viz., When elements combine in more than one propor- 
tion, the higher proportions are simple multiples of the lower. 

The same simplicity and constancy of proportion is observed in the com- 
bination of compound bodies. The combining weight of a compound body 
equals the sum of the atomic weights of its constituents. Thus, lime con- 
sists of calcium and oxygen— CaO. The combining weight is Ca = 40 O = 
16 . •. CaO = 56. When lime is mixed with water the two bodies combine 
in definite proportions. Hj = 2 O = 16 .• . H3O = i8. 56 and 18 are 
respectively the molecular weights of lime and water, and it is in this propor- 
tion they combine ; 56 parts by weight of lime with 18 parts by weight of 
water, forming 74 parts of slacked lime — 

CaO -f H,0 =Caftpy 
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VALENCY. 

Elements, as above noted, may combine in several propeitioiuk When 
compounds contuning the same elements are compared, we generally find 
one proportion which seems to be the most natural ;. it is either most fre- 
quently or easily produced, or it is the one least liable to change. Hydrc^en 
and oxygen combine in two proportions, thus : — 

,1 ^T ^r "V^^' ^ } = H,0. Hydn^n monorid. 
3I P^ ^r "'I^' g } = H,0,. Hydrogen dioxid. 

These bodies are very different. The first is water, a compound not Hable 
to decompose. The second substance is difficult to prepare and to preserve ; 
it is liable to explode. We may suppose, therefore, that the normal pro- 
portion of combination between H and O is H^O. Gurbon forms with 
oxygen two well marked compounds, CO and CO,. CO is formed when 
carbon is burned in a deficient supply of oxygen, but CO, is formed when 
the carbon bums under natural conditions in a free draft of air or oxygen. 
CO, besides, shows a tendency to take up more oxygen, especially when 
heated, and it will combine with chlorin, even at ordinary temperatures. 
CO,, on the other hand, shows no tendency to combine with either oxygen 
or chlorin. 

The atom of hydrogen has been taken as a point of comparison, and 
each element compared according to the number of hydrogen atoms with 
which it forms the most permanent combination. For instaacc, w« find 
compounds with hydrogen as follows : — 

Q combines with one H, forming HQ. 



Br 




« « H, 




HBr. 







" two H, 




H,0. 


S 




•« " H, 




H,S. 


N 




" three H, 




H,N. 


As 




« " H, 




HjAs. 


C 




" four H, 




H.C. 



These are not the only compounds that can be formed from these tleoMtntiy 
but they are those which show only a slight tendency either to take new 
atoms or give up what they already possess. 

The number of hydrogen atoms with which any element combines is eaUod 
/(9 VALENCY. The term <Ufimictty was formeily used^Wi \si TxoVwi^ umch 
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employed. Degrees of valeney are indkatisd by names and Roman numerals, 
the latter being placed lo the upper tight hand of the symbol. 

I indicates a monad' (monatonic or monovalent), 
n •♦ a dyad (diatomic or bivalent). 

a triad (triatomic or triyalenf). 

a tietrad' (tetratomic or tetravalenty. 

a pentad (pentatomit or pentivalent) 

a hexad (hexatomic or hexivalient). 

8 heptad (faeptatomic or heptivatent). 

Valency has nothing to <h tuith the^ energy or aciwity of the elements. It U 
a Pleasure o/caj^aeity onfy^ Bodies of high valeney are often of weak afinity^ 
while some of the strtmgest chemieal agents are ef lew valency, Chhrm ha9 
ordinarily only one-third the valency of nitrogen,, hut- it is muck more active 
when free. 

Degrees of valency* are detttimined by a study of the proportioas in which 
bodies combine ; a knowledge of the valesicy of the elements is a.key to Ihe 
composition of all their important and more permanent compounds. The? fal* 
lowing gives the valency of the principal groups of elements :^^ 

Monad, — potassium and chlorin groups. 

Dyad,— oxygen, iron, calcium, «nc groups, and firequentfythe 

iron group. 
Triad amf pentad, — n i trogen group. 
Tetrad, — carbon group and sometimes the iron group. 

Wh«i elements ase combined in such proportions that ^Mir valencies are 
equalized, the oonponnds are said to be saturated. This meaning must be 
distinguished from the more common one, viz^, that & body has dissolved or 
absorbed as much of any substanee as it can take upu In this latter sense we 
speak of saturated solutions^ meaning solutions- which contain as much of any 
substance as can be dissolved. 

Taking the monad group, for instance, the members being equal to one 
atom of H, they are equal to each other. Hence,, K and CI will combine in 
equal number of atoms, forming KCl, potassium ehlorid. Similariy we will 
have NaBr, Agl, etc The dyad elements have twice the combining capacity 
<^ monads ; we will find, therefore, that the compound of sodium and oxygen 
wiUbeNap. 

The combination between triad antimony and chlorin. will be SbCl, ; be- 
tween tetrad caxbon and dyad oxygen will be Q,0^\ \!ti6<m'fae»^yt^aii9il!^'^i:^!»f^'^^^ 
and dyad oxygen ^O^ 
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The degrees of valency given above are not invariable. The circumstances 
under which the variation takes place cannot be very well defined ; but the 
extent or rate of variation is by a simple law, to which only a few exceptions 
need be made. When an element changes its valency y either increasing or 
diminishing^ the change is by two degrees at a time. Elements of even valency 
remain even, passing, for instance, from hexads to tetrads, and finally to dyads, 
or the reverse ; elements of uneven valency remain uneven, passing from 
pentads to triads and monads, and the reverse. 

Certain elements seem to be exceptional, but, by a supposition, we preserve 
the application of the law. These bodies are supposed to have the property 
of combining with themselves in such a manner as to form double atoms, 
possessing a valency greater than either atom singly, but less than the sum of 
the valencies of the two atoms. Iron, generally a dyad, becomes in certain 
compounds a tetrad, but two atoms of iron unite and form a double atom, 
which then forms compounds with other elements. A short reflection will 
show that this double atom, formed from two atoms each having a capacity of 
four, will have a power of six, one degree of valency in each atom being 
saturated. 

For cases of varying valency, the terminations otis and ic are employed, oits 
indicating the lower degree and ic the higher. We have in this way mangan- 
ous (lower valency) and manganic (higher valency) salts, ferrous (dyad) and 
ferric (hexad) compounds. In the terminations of the names of acids the 
same principle is carried out, sulfurous acid being the compound in which 
sulfur has a lower ^tetrad) valency ; sulfuric acid one in which sulfur has a 
higher (hexad) power. 

We not only employ a knowledge of valency for determining the propor- 
tion of combinations between any two elements, but starting with any molecule, 
we may by substitution obtain the formula of any derivative of that molecule. 
Thus the body called nitric acid, forms derivatives called nitrates, in which 
the hydrogen of the acid is replaced by other positives. Suppose we wish to 
write the formula of potassium nitrate; the reasoning would be as follows: 
Nitric acid is HNO, — ^potassium is a monad ; one atom of potassium will sub- 
stitute the atom of hydrogen, and the formula is KNOj. By the same reason- 
ing the formula of copper sulfate maybe deduced. Sulfuric acid is H2SO4, 
copper is a dyad ; one atom of copper will displace two of hydrogen ; there- 
fore, CuSO^. When the standard formula contains too small an amount of 
hydrogen, we must multiply the expression by some whole number. For 
instance, the formula of copper nitrate will be deduced in this manner : Nitric 
acid is HNO,, copper is a dyad ; copper will therefore replace the hydrogen 
of two molecules of nitric SiQi6,\ hence, Cu(NOj), or CvxNj3^. 
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If we take one or more atoms from a saturated compomid, we leave the 
compound unsaturated to a degree equal to the hydrogen atoms to which the 
removed atoms correspond. The molecule H^C is satiu^ted. The molecule 
H,C can take up one H or its equivalent, and i$ therefor^e a monad ; H^C 
can take up H,, and is therefore a dyad ; and so on. The valency of any 
molecule can thus be obtained by finding how much hydrogen is required to 
form a saturated compound. By this method we determine that HO is a 
monad, for it requires but one atom of H to complete the.iholecule ; COj is a 
dyad, for it requires H, to form the saturated compound H^CO, ; PO4 is a 
triad, for it forms H^PO^. (See section on Radicles.) 

Graphic Formula, — A convenient and much used method of indicating 
valencies is by graphk formuUe, These consist of the symbol of each ele- 
ment, with bonds or prolongations the same in number as the degrees of 
valency. Taking some common elements as examples, we have 

monad dyad triad tetrad pentad 



J- -i- -'- 



I 

These bonds may be attached in any position or direction as long as the proper 
number is used. Carbon, for instance, may be written as above, or 

C= — C= ==C= =C 

or in any other way, provided four bonds are present. 

In the practical application of this notation we link together the bonds of 
the different elements, and when all the points are joined the compound is 
complete, and is a saturated molecule. Two bonds of one atom, however, 
can never be attached to a single bond of another atom. The following are 
examples of some common compounds written graphically : — 

H— CI; H— O— H; H— N^j[J; 

o=c=o. 

We may also indicate unsaturated molecules. Thus, 0=C:= shows 

that carbon monoxid is a body having two degrees of valency unsatisfied ; 

CI 
0=C = p| that two atoms of chlorin have combined and satisfied this free 

valency. 

The nature of the change by which the iron atom passes from a dyad to a 
hexad condition can be very well shown by this method. Dyad iron, graphi- 
cally represented, would be Fe=, in which two boYvds Viv^^ ^i2fi«:^'^'wsA^ 
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leaving two still active. In (he higber degeee of valency (tetmd) the 

condition is — re — Fe — , one bond of each atom having combined and 

lii^edtfaetwo in chemical unioti. Fenic oxid and fenic dilorid would be 

O O CI CI 

Fe— Fe Q— Fe— Fe— ^ 



ELECTRICAL RELATIONS OF THE ELEMENTS. 

Electrical excitement exhibits (two ^oonditioi^ .called respectively posiiime 
and ntgative, which ase |Mroduced in laoy appanatus developing eleetrioitjr. 
The points at which the electrical excitement is manifested — for instance, the 
ends of the wires of alwCtery — are cdled the poles. The positive pole, also 
called the anode /i& distinguished by the sign, -f-> <u^d the negative, also called 
the kathode f by the sign — . 

Two bodies differently electrified will attract each other, but if charged 
with the same kind of electricity will rqpel. The law is generally expressed 
as follows : Like elecfrieUies repd ; •unlike attract. 

These principles have been applied to the determination of some import- 
ant relations between elements. A current of electricity decomposes many 
compound bodies ; some elements appearing at die positive pole, and others 
at the -negative. Thus, potassium will be liberated in contact with the surface 
negatively charged, and oxygen in contact widi the positive surface. This will 
be the invariable resuk with these elements, -no -matter what compounds be 
taken for the experiment, but with many odier elements the effect will depend 
upon the nature of the compound. With H^ the snlfiir will appear at the 
positive pole ; with SO,, at the negative. 

Since unlike electricities attract, it follows that elements which go to 
the positive side must be negative, and those at the negative side must be 
positive. Very frequently we use the term " electro " in this connection ; 
thus we say, zinc is electro-positive ; chlorine is electro-m^ative. 
• A body is not absolutely positive nor absolutely negative, but is simply 
more positive or more negative than some other siibstance. Nevertheless, 
as the list of elements is limited, we will have two bodies which, by their 
high affinities, will stand at the extremes of the scale, one being negative, 
the other positive. X^eaving out of consideration some rare elements, we 
may place potassium as the most positive, oxygen as the most n^ative. 
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The applications .of the above principles wiU be presented in connection 
-with ihe discussion of Radicles and Reactions. 



REACTIONS. 

Chemical symbols are epnployed not only to show the composition of 
bodies, but also to show exactly the nature of the chemical changes which 
occur ¥rhen different bodies are brought in contact. When so used, the ex- 
pression is called a reaction. Strictly speaking the statement in symbols 
is' the "equation of the reaction/' but the shorter term is generally used. 
Certain compounds, which are much used for producing reactions, are called 
REAGENTS, though Strictly all the substances present take equal, part in a 
reaction. When we poiur vinegar upon a marble table, we say, in ordinary 
phrase, that the maifUe is corroded, but, in fact, the vinegar is equally acted 
upon, both substanoes .are changed in composition, both are rend^ed unfit 
for their .original uses; in other words they have not only acted, they have 
reacted, and are tibiereibre both reagents. 

A reaction is substantially an expression of the results of an experiment, 
and, when conrectly written, gives us the proportion in which bodies are to 
be .used and the proportion of the resulting substances. Speaking absolutely, 
we can never be sure of the con^ctness of any reaction until we make the 
experiment and analyi^e the result ; but the progress of chemistry has made 
known certain laws of dbange, which enable us to predict, or infer, many 
results without the neoes^ity of actual observation. Eveiy now and then, 
however, the analc^y fails, ^and experiment disappoints |he suggestions of 
theory. 

Reactions are written by placing in proper proportion and connected by 4- 
signs the formulae of the bodies concerned, then writing the sign = «id fol- 
lowing this by the fonnulse of the resulting bodies. For instance, 

AgNOj + HCl = AgCl + HNOj 

expresses that on Imnging together silver nitrate and hydrochloric acid, a 
chemical change occurs by which silver chlorid and nitric acid are produced. 
Students find, in regard to writing reactions, three difficulties : 1st. To know 
whether a given change will take place. 2d. To know the quantities of the . 
bodies to be used. 3d. To know the nature of the resulting bodies. These 
difficulties may be taken up in order. 1st. In the simplest cases, the nature 
of the reaction will be determined by the affinities of the elements as governed 
by their electrical lelations, the change taking place in such a way that the 
element having the stronger electric affinity ^\\\ ^^t q»x wA ^joe^^^^ss^. "^ft^ 
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element of similar but weaker affinity. We find that when chlorin acts 
upon the bromids they are decomposed, the bromin being expelled, and 
that bromin, in turn, expels iodin from combination. Therefore, such re- 
actions as 

KBr+Cl=KCl + Br 

KI +Br = KBr+I, 

are simply illustrations of the general electrical relations of elements con- 
cerned. If these affinities were the only active causes of chemical change, 
the subject would be quite simple, but circumstances may modify the play of 
affinities, so as to produce an endless variety of chemical action. All the 
modifying influences are not yet known, but some of them are understood, 
and are of importance. 

{a) Insolubility. — ^When in any liquid we bring together substances which 
are capable of forming a body insoluble in the liquid, that insoluble compound 
will be produced in spite of the general relations of affinities. This influence 
of insolubility-is the basis of a large number of tests and other chemical 
operations. 

When the formation of the insoluble compound would require a powerful 
chemical agent to be set free, the change will not take place, unless, of course, 
the added substance is stronger than the one to be liberated. Carbonic acid 
forms with calcium a body quite insoluble in water, but this body cannot be 
formed by passing carbonic acid into calcium sulfate. The reason is shown 
at once by examining the conditions of the experiment. The reaction would 
have to be CaSO^ + HjjCOg = CaCOj (insoluble) + H^SO^, that is, sulfuric 
acid would be set free. The activity of H^COg is, under ordinary conditions, 
so much below that of H^SO^ that the former will not drive out the latter. 
The condition becomes changed if we assist the action of the carbonic acid 
by some substance which has an affinity for sulfuric acid and will prevent it 
being set free. CaSO^ -f- NajCOj will produce immediate action, resulting 
in CaCOj -{- Na^SO^. This reaction illustrates a common method of keeping 
the powerful affinities in abeyance, and thus allowing secondary influences 
full play. Some of the arsenic tests show the principle strikingly. Arsenous 
acid added to copper sulfate produces no action, because the affinity of the 
SO^ is too strong, but by adding a little alkali, the strong affinity this has for 
SO4 assists in breaking up the copper sulfate and immediately a precipitate of 
copper arsenite falls. 

(d) Volatility. — ^This is the second influence that disturbs ordinary affini- 
ties. If a body is capable of being converted into a gas, this fact will dimin- 
ish its chemical power ; fixed substances that have ordinarily less affinity will 
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drive it out of combination. Boric acid, for instance, is one of the weak 
acids, yet at a red heal it will drive out even sulfuric acid. The cause is, in 
the main, that at this temperature sulfuric acid is volatile, while boric acid is 
fixed. 

The ease with which hydrogen is driven out of combination may be re- 
garded as due to its volatility, being a gas even at low temperatures. 

{c) Mass. — Sometimes chemical action seems to be governed by the quan- 
tity of the substance present. If we pass water vapor over red-hot iron, iron 
ox id is formed and hydrogen is set free ; if we pass the hydrogen back over 
the iron oxid, steam is formed and iron set free. In the first case, the water 
is in excess, and exerts an oxidizing influence ; in the second, the hydrogen 
is in excess, and exerts a deoxidizing influence. The effect of mass is indefi- 
nite and uncertain, and need not enter into the ordinary working of reactions. 

It will be seen to be a deduction from these statements that no substance 
can be set down as absolutely the strongest in afBnity. Chemists cannot 
determine, for instance, what is the strongest acid or the strongest alkali, 
except under specified conditions. 

2d. The proportion in which bodies react is determined by their valencies. 
Let it be required to write the reaction between mercuric chlorid and potas- 
sium iodid. The formulae are HgClg and KI, but the bodies will not react in 
this proportion, for the Hg will require Ij and Clj will require Kj. The 
proper reaction is HgClg + 2KI := Hglj -f- 2KCI. In the same way, anti- 
monous sulphid and hydrochloric acid can only act upon each other in the 
ratio SbjSg -f- 6HC1 because Sb being a triad, Sb^ will combine with Clg, and 
S being a dyad, S3 will require Hg. 

3d. If a chemical change occurs when two given substances are brought 
in contact, the nature of it will depend principally upon the electrical rela- 
tions of the elements concerned. In the reaction HgClj + ^2^* *^^ ^^^V 
possible result is the combination of S with Hg and H with CI, as is shown 

at once by placing the proper signs over the elements, Hg C\^ H^ S. Such a 

4- + 

combination as Hg Hj or C\ S could not take place, since it requires like 

electricities to attract, which is against the rule. In beginning with reactions, 
the student will do well to place the proper signs over each element, and 
these will be a useful guide and control. When acids or salts, containing 
three elements, are part of the reaction, the positive sign is put over the 
hydrogen or the metal, and the negative sign over the oxygen and other ele- 
ment, thus: — 

+ - +- +— +- 

Ba(N08)2 + K2SO4 = Ba^O^ ^ 2^^0v 
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The placing of the single sign over two elements is simply aa evidence 
of the fact that in oiidinary reactions these two elements act as a single ele- 



The following formulae will fmther illustrate the general principle : — 

+ - +- +- +- 
AgNO, + NaCl = Ag CI + Na NO, 

H,0 + C1, = 2HC1 + 

+ - + + - +— +- +- 
BaCl, 4- K H SO4 = BaSO^ + KCl -f- H CI 

In the last reaction, the electro-positives K and H may seem to be in union, 
but this is not the case. Each is independently united to the SO4, which is a 
dyad. The formula might be written — 

rSO,. 



RADICLES. 

A radicle is any group of atoms having unsatisfied valency, the nund[)er <if 
these unsatbfied degrees being the valency of the radicle. The followiqg 
formulae illustrate ^he principle. The degrees outside the parentheses indic»le 
in each case the valency of the radicle, being, of course, the diflference be- 
twsep the valencies of the constituent atoms : — 

NoJ (no J (cn) (co) (ho) (hc) 

The electrical relations of a radicle are generally determined by the elec- 
trical character of the preponderating valency, but not invariably. While 
the combining capacity and general functions are subsequently dependent on 
the unsaturated valency, yet, in chemical combinations, the whole molecule 
takes part, and hence the electrical character is influenced by that of each 

atom present. Thus in ^j»f jj V we might infer that the nitrogen valency 

would only give to the radicle indifferent or intermediate electrical relation^, 
but experiment shows that this is a group having distinctly positive affinities : 
the four atoms of positive hydrogen, though insufficient to saturate all of the 
nitrogen valency, yet impress on the molecule dieir function. 

In many cases the influence of the preponderating valency is more decided. 

Thus in (-j^ q \ the oxygen valency is in excess, and the radicle is negative. 

The compounds of carbon show very well the principle on which the val- 
ency of a radicle depends : — 



ACIDS, BASES AND SALTS. 



«y 



H^C Saturated. 

H,C Monad. 

H,C Dyad. 

H C. Triad. 

C Tetrad. 

The last is the free element which might be regarded as tibe final radicle, so 
that we may speak -of both elemental and .compound radicles, but the term is 
usuaHy limited to the latter signification. 

The foUowmg formulae give the compositions, vaknctes and names of some 
unpoctant nfiUdes : — 



▼ I 



NH^ Ammonium 

ni I 

N H, Amidogen . 

ho" Hydroxyl . 

H S° Hydrosulfyl 

• •••••••••«.. .'Cyanogen • 

, . . . . Methyl . . 

N (^ Nitrosyi . . 

(To" Carbonyl . 



IT m 

«CN 
H,C 



Monad. 



u 



Dyad. 



ACIDS, BASES AND SALTS. 

Acids are compounds in which hydrogen is united directly either to strongly 
negative elements, or to positive elements, which are at the same time united 
to some member of the oxygen group. Several classes of acids may, there- 
fore, be distinguiiihed. 

Hydrogen acids— commonly called hydro-acids — 

HCl Hydrochloric acid. 

HBr Hydrobromic acid. 

HI Hydriodic acid. 

HF Hydrofluoric acid. 

Oxygen acids — 

HjSO^ Sulfuric acid. 

HNOj Nitric acid. 

H3PO4 Phosphoric acid. 

HfCOj, Carbonic acid. 

HCIO, C\i\onc at\^ 
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Experiment shows that in each of these oxygen acids, the hydrogen is in 
more direct relation with certain oxygen atoms than with the rest of the 
molecule, so that they may be formulated as follows: — 

(HO),SO, (HO)NO, (H0)8P0. CHO)j,CO (HO)CIO, 

It will be seen that all the hydrogen is in the form of hydroxyl. 

Hydrogen which is not in this condition in a molecule is not easily replace- 
able by a positive element, unless united to a strongly negative radicle. Thus 
in HCl, the hydrogen is easily replaceable by a positive, but not in NH,. 
The two conditions of hydrogen may co-exist in a molecule. In h3rpophos- 
phorous acid, H,PO„ experiment shows that only one hydrogen atom is easily 
replaceable, and the arrangement is considered to be as follows : — 

H 

H— O— P— H 



O 

Only one hydrogen atom is directly united to a sjtrongly negative element. 

Such differences in the position and function of hydrogen in the same mole- 
cule are unusual' in the inorganic acids, which generally have all their hydro- 
gen in either the hydroxyl position or in some similar, relation, but nearly all 
organic acids contain hydrogen which is not replaceable. 

In sulfurous acid, H^SOg, experiment shows that we probal>ly have the 

arrangement 

H— S— O— O— H 

II 
O 

Here both hydrogen atoms are replaceable, because both are directly united 
to a member of the oxygen group, that is, to strongly negative elements. In 
thiocarbonic acid, H^CSj, in which sulfur takes the place of oxygen, the 
arrangement is as follows : (HS)2CS ; sulfur, selenium and tellurium may 
in this manner take the place of oxygen in the molecule and render the 
hydrogen replaceable. 

When the molecule contains bodies of high positive character, the power 
of replacing the hydrogen by other positives does not exist, unless several 
molecules of oxygen (or S, Se or Te) are also present. It appears then 
that as the proportion of oxygen is increased in any molecule, without other 
change, its acid character will be gradually developed. Thus Cr(HO)2 
possesses no acid character, but if two atoms of oxygen be added to the 
chromium, making (HO)2CrOj„ that is, HjCrO^, a well marked acid, chromic 
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acid, is produced. It is then, according to the number and position of the 
negative elements in any molecule that the function of the hydrogen is 
determined. When strongly positive elements are present, either without 
negatives or with only relatively few atoms of them, the hydrogen is not 
easily replaceable by positives, the body is not an acid, but has power to 
interact with acids and neutralize them. Thus the above mentioned com- 
pound, Cr(HO)2, will dissolve easily in sulfuric acid and neutralize it, that 
is, take away the characteristic properties of the acid, the sour taste, effect 
on organic colors (see below), and general chemical activity. Substances 
that act in this manner are called bases. The action in the case of chromous 
hydroxid and sulfuric acid would be thus represented : — 

Cr(H0)3 + H3SO4 = CrSO^ + 2H,0. 

Further instances are as follows :— - 

NaHO +HC1 =NaCl + H,0. 
NaHO + HjSO^ = NaHSO^+ HjO. 
2NaH0 + H2SO4 = Na^SO^ + 2H,0. 
KHO + HNOj = KNO, + HjO. 
Cu(H0)2 + HaSO^ = CuSO^ -f 2H,0. 
Bi(HO)j +3HCI =BiCl3 +3H,0. 
re,(HO)e + 3H,S0,= Fe(SO,), + 3H,0. 

The bodies NaCl, NaHSO^, etc. , are called salts. A salt may, therefore, 
be defined as the result of the interaction of an acid with a base. 

Since the function of the base in these reactions depends essentially on 
the strongly positive element, it .is not necessary to have it in association with 
hydroxyl. The formation of salts may take place by the action of acids 
upon oxids, upon the elements themselves, and also upon compounds con- 
taining weaker acid radicles than those existing in the acid employed. Zinc 
sulfate, for instance, may be made by any of the following methods : — 

Zn + HjSO^ = ZnSO^ + H,. 

ZnO + HjSO^ = ZnSO^ -f HjO. 
Zn(HO)a + HjSO^ = ZnSO^ + 2H,0. 
ZnCOj -f HjSO^ = ZnSO^ + H,0 + CO,. 

Theoretically, therefore, and frequently practically, there may be many 
methods of producing a salt, but in many cases the affinity of the acid radicle 
is not sufficient to bring about the change, utile?»?»\iL'feY5^\>ci^^\^€'^^^x>JK^'^^J^ 

form afoxid or hydroxid. Thus the teacVioti — - 
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Ag +Ha =Aga -fH 

will not occur, but either 

AgHO + HO = AgCl + H,0, 
or Ag,0 + 2HCr = AgQ + 2H,0 
will occur. 

Intimately connected with this subject is the meaning of the terms acid^ 
alkaline and neutral^ as applied to the conditions of substances. If we add 
a drop of st^fiiric acid to a solution of litmus, it becomes red ; by the addi- 
tion of a small amount of magnesia the color will be restored. The magnesia 
is a base ; it has interacted with the acid and deprived It of its chemical 
activity. By this combination the magnesia has also been neutralized. 

Litmus is a color much used for these tests. It becomes red on the addi- 
tion of an acid, and has the blue color restored on the addition of a base. 
It is usually sold in the blue condition, and i» used either in solution in 
water or in the form of litmus paper — strips of paper soaked in the solution 
and dried. 

A number of artificial colors from coal-tar products are now used as substi- 
tutes for litmus. Among these are : — 

Phenolphthalein — ^red when alkaline, nearly colorless when acid. 

Congo red — red when alkaline, blue when acid. 

Lakmoid — similar changes to litmus. 

Phenacetolin — pale yellow with acids, pink with alkalies. 

These color reactbns are of importance in practical chemical operations, 
but they have little value in determining the theoretical relations between acids, 
bases and salts, since there are substances which are theoretically acids, yet 
act on the colors as if alkaline, and the reverse. 

The number of atoms of replaceable hydrogen in an acid determines its 
basicity. 

HNO3 . having one replaceable hydrogen atom, is motuka&vi. 
HjSO^ " two " " atoms, " ^basic. 

H3PO4 " three « " « « /ri basic. 

H^SiO^ ** four " •* " « /if/rabasic. 

An acid like hypophosphorous, H3PO2, is not tribasic, therefore, but mono- 
basic. Similar phrases are applied to bases but more rarely ; thus calcium 
hydroxid, Ca(HO)2, having the power to take up two molecules of any mono- 
basic acid, might be called a di-acid base. 

The radicle obtained by deducting all the replaceable hydrogen from an acid 
b sometimes called the residue of the acid. SO4, for instance, is the residue 
pi suHurJc acid, NOg the residue of nitric acid. The acid tad^le ^ro^t is 
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the body obtained by deducting aU the hydroxyl or hydrosaliyl, etc. , from the 
ftcid. SOf is the radicle proper of sulfuric acid. This distinction in nomea- 
elatnre is convenient in expressing some of the reactions of Uiese acida. 

Saits may be divided into four classes : — 

Normal salts, in which the hydrogen of th% acid is replaced by a single 
element, according to its valencies. The adds themselves are normal salts 
of hydrogenj^ 

"SajCSlf Sodium thiocarbonate. 

KNC^ . . . ^ Potassium nitrattt, 

Mixed salts, in which twa or more poutives are present. When some 
replaceable hydrogen remains, the body is usually called an acid salt: — 

HK€0, Acid potassium carbonate. 

KNaC^H^O^ Sodium potassium tartrate. 

Double salts, in which two complete salts of either of the above classes 
unite to form a definite compound, which is generally distinctly crystalline : — 

K^SO^i Al2(S04)3 ••.*»....«. Potassium aluminum sulftrte. 

FeS04»(NH^)|S04 .> • • . • . Ammonium ferrous sulfote. 

2KCl,PtCl4 * . •« Potassium planum chlorid. 

OXY ^ALts (^oinetimes called dastc salts or sud salts), in which oxygen 
takes the place of one or more of the acid radicles : — 

BiNOgP Bismuth oxynitrate. 

SbOQ Antimony oxychlorid. 
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If we weigh equal volumes of elements in the state of gas, we find that 
tiMiFfelafeive weights will, with a few exceptions, be in exact proportion to their 
atomic weights. For instance, a vessel which holds i grain of hydrogen 
(About 47 cubic inches) will hold the following quantities of other elements, 
it being understood that all the bodies are in the state of gas and at the same 
MMferature and pressure : — 

Element. Atomic IVeigfU. Wt. of voi. equal tit i vol. ^H, 

l6 16 

* 32 32 

CI 35.4 35-5 

1 127 \Vi 

^ 80 %c^ 
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Some of the elements cannot be converted into vapor, and consequently 
cannot be compared on this system. Among these are carbon, silicon and 
many of the common metals. These practically resist the action of the highest 
temperature which can be used in such experiments. A few elements show 
results which are exceptional ; among these are — 



Element* 


Atomic Weight. 


IVt. of vol., equal to z vol. of H. 


As 


75 


150 


P 


31 


62 . 


Hg 


200 . . 


100 



In the case of phosphorus and arsenum the weight is twice as great as 
analogy would require ; in the case of mercury, half as great. 

The following law has been established by mathematical and physical in- 
vestigation : Equal volumes of elementary gases contain, equal numbers of 
molecules. 

The relative weight of the atoms of each element may be determined by 
this law. If a given volume of hydrogen contains, say, 1000 molecules, the 
same volume of oxygen will contain the same number ; and as the oxygen 
volume is 16 times as high as the hydrogen, it is clear that the weight of each 
molecule of oxygen will be 16 times that of each molecule of hydrogen. The 
molecules of hydrogen and oxygen each contain two atoms, hence, the atomic 
weights will also be in the proportion of 16 to I. 

In gases the spaces between the molecules are very large in proportion to 
the size of the great molecules themselves. Elementary gases combine so as 
to produce a volume of gas which is equal to twice the volume that would be 
occupied by one atomic weight of hydrogen. The following instances are taken 
from among the commonest chemical compounds : — - 

One volume of H and one volume of CI combine and produce two vol- 
umes of HCl. 

Two volumes of H and one volume of O combine and produce two volumes 
of HjO. 

Three volumes of H and one volume of N combine and produce two vol- 
umes of NHj. 

If the substances were estimated, say in pints, then the resulting compounds 
would have the volume of two pints. 

Some examples will make this plain : — 

47 cubic inches of H, weighing I grain, will combine with 47 cubic inches 
of CI, weighing 35.4 grains, and produce 94 cubic inches [i. ^.,47 X 2) of 
hydrochloric acid (HCl), weighing 36.4 grains. The ratio of weights of 
eqm^ huJks oi hydrochloric acid and hydrogen is not 94 to i, for the figure 
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94. is calculated for a molecule of HCl, while I represents an atom of H, 
We must compare molecule to molecule, that is HCl to HH, hence 94 to 2 : : 
47 to I. By dividing 36.4 by 2 we get the weight of a quantity of hydro-, 
chloric acid equal to one atomic weight of hydrogen — yIz, 18.2. This 
figure, 18.2 represents, therefore, the density or specific gjravity compared to 
hydrogen. 

94 cubic inches of H, weighing two grains, will combine with 47 cubic 
inches of O, weighing 16 grains, and produce 94 cubic inches of steam, H,0, 
weighing 18 grains. If we divide 18 by 2, we get, as before, the density of 
steam compared to hydrogen — viz. 9. 

47 cubic inches of N, weighing 14 grains, will combine with 141 cubic 
inches (47 X 3) of H, weighing 3 grains, and form 94 cubic inches of amin, 
NH„ weighing 17 grains ; and this weight, divided by 2, gives 8.5 as the 
density of amin compared to hydrogen. 

These principles are employed in determining the formulae of bodies. N 
and O combine to form a body called nitric oxid, which is sometimes written 
NO and sometimes N^O,. The following calculation will &how which is 
correct : — 

The formula NO requires — 

One volume of N = 14 
« << « o = 16 

30 30 -*- 2 = 15. 

The formula NjOj will require — 

Two volumes of N = 28 
« « « O = 32 

60 60 -*- 2 = 30. 

In the first instance the formula would indicate a vapor fifteen times as 
heavy as hydrogen ; in the second case thirty times as heavy. Experiment 
shows that the gas is actually fifteen times as heavy as hydrogen, and there- 
fore justifies the formula NO. 

Since the introduction of a large number of atoms into a molecule does n< < 
increase the bulk occupied by a collection of such molecules, it is evi.Ie. i 
that the intermolecular spaces are much larger than the molecules themselves. 

The exact quantitative relations which exist in compounds, and the fact 
that symbols refer to definite proportions of the elements, enables us to em- 
ploy the method of simple proportion to calculate the amounts involved in, or 
resulting from, any chemical combination, li \\. \i^ t^qjskk^ V.<i >KBss^\iss^ 
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nrach hydrogen is contained in 40 pounds of water, Ae fenmda expressed 
in (piaatitatiye ratio is as follows : — 

H,(2Xl)= 2 
O =16 

H,0 = la 

That is, 18 parts by weight of water contain 2 parts of hydrogen. Hence, 
18 : 2 : : 40 \ X ; the fourth term will be the amount required. Percentage 
composition is ascertained in this manner. The percentage of oxygen in 
water is obtsdned by the following proportion : — 

18 : 16 : : 100 : x. 

The fourth term will be found to be 88.89, which is therefore the percent- 
age required. Any chemical formula or reaction may be converted in exact 
weight expressions. To determine, for instance, how much potassium iodid 
is required to exactly precipitate one gram of mercuric chlorid, we must first 
express correctly the reaction, that is, the equation. This is as follows : — 

HgCl, + 2KI = 2KCI + Hgl, 

The proportions by weights are : — 

Hg = 200 K = 39 

Clj = 71 I = 127 

HgClj = 271 KI = 166 

The proportion will be, as the molecular weight of the mercuric chlorid is 
to that of the potassium io(Ud, with which it reacts, so is the given weight to 
that of the iodid required. Care must always be taken to use the molecular 
weights in the full proportion. In the present calculation, for instance, the 
molecular weight of the iodid must be doubled, because the chlorid reacts 
with two molecules. Hence, 

HgCl, 2Kr 

271 : 332(166 X 2) : : I : jr. 

Calculations of this character are of value to the student, who should prac- 
tice them. Among other points of interest, they will serve to impress on the 
mind that formulse give only ratios by special factors, and do not convey 
directly the simple proportion, Thus^ hydrogen iodid^ HI, dp^ not cootW) 
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equal quantities of H and I; but only equal numbers of atoms. The calcu' 
lation shows this : — 

H == I 

I = IZf 



HI = 128 



Therefore, 



HI I 

128 : 127 : : loo : 99.2 per cent, iodine^.; 

by which it secTis that hydrogen iodid contains less than one- per cent hy- 
drogen* 



i 
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A COMPLETE table of the elements, their valencies, atomic weights and 
symbols, will be found at the end of the book. The following is a summary 
of the important groups : — 

1 . The Potassium Group includes hydrogen, lithium, sodium, potassium, 
rubidium, cesium and silver. They are positive monads, and have high 
affinity for members of the oxygen and chlorin groups. With oxygen they 
produce (except hydrogen and silver) powerful corrosive compounds called the 
alkalies, and on this account are sometimes called the alkali metals. Hydro- 
gen and silver are the only ones that occur free in nature. 

2. The Chlorin Group includes fiuorin, chlorin, bromin and iodin. They 
are negative monads, and are the only elements which form salts without the 
aid of some member of the oxygen group. For this reason they have been 
called the halogens, a word meaning "salt formers." 

3. The Oxygen Group includes oxygen, sulfur, selenium and tellurium. 
They are negative dyads, and possess the power of forming, with many ele- 
ments, bases or acids, according to the proportion in which they are combined. 

4. The Nitrogen Group includes boron, nitrogen, phosphorus, arsenum, 
antimony, bismuth and gold. They are of uneven valency, triads or pentads ; 
their electrical relations are irregular, but mostly positive. 

5. The Carbon Group includes carbon, silicon, titanium, tin and some 
rare elements. They are tetrads, and generally positive. Boron is sometimes 
classed here, but it is best placed in the nitrogen group. Platinum may be 
included here. 

6. The Calcium Group includes calcium, barium and strontium. They 
are positive dyads, and form oxids which are slightly soluble in water, but 
much less caustic or corrosive than the alkalies proper, and are often called 
alkaline earths. Their sulfates, carbonates and phosphates are practically 
insoluble in water. Lead is conveniently classed here, but has also strong 
relations to the carbon group. 

7. The Zinc Group includes zinc, magnesium, cadmium and beryllium. 
The^ are never found free, but are tolerably easily reduced from their corn- 
ea 
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pounds. They are positive dyads, and each forms a definite oxid which is 
insoluble in water, not caustic, but forming well-marked salts. 

8. The Iron Group is positive, and includes iron, manganese, chromium, 
nickel, cobalt and probably several other elements the chemistry of which is 
not well known. They are not found in the metallic state, except in small 
quantity. Most of them form two sets of compounds, acting in one as dyads, 
in the other as double tetrads. Several form well marked acid anhydrids. 
Aluminum has some relations with this group and will be described with it. 

9. The Copper Group includes copper and mercury^ positive dy^ds, te- 
sembling each other in the power of forming two sets of compounds, in one 
of which they are in the unsaturated condition. In this condition they form 
chlorids insoluble in water, and are thus partly related to silver. 

10. The Platinum Group. — ^A number of elements which are found in 
association with platinum are usually grouped together under the name of 
platinum metals. These are palladium, iridium, rhodium, ruthenium and 
osmium. 

Unclassified Elements. — Some of the elements are either so rare that 
their relations have not yet been satisfactorily studied, or their properties are 
such as to render it impossible to classify them satisfactorily under any system. 
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Potassium Group. — The potassium gioup pvoper includes potassivm, 
sodium, lithium, rubidium, cesium. They are positive moaods, of high af- 
finities. Their compounds are nearly all soluble in water. Their hydroxids 
are powerfully corrosive, and are known as the caustic alkalies. Hydrogen 
and silver, being positive monads, are also classed in this group, although they 
differ from the rest in some points. 



HYDROGEN. 

Hydrogen, H, x, exists in water and all organic substances. 

It is prepared by the action of electricity on water or dilute acids ; also by 
the action of certain dements on Water or acids. With acids the action gen- 
erally occurs without the -aid of heat ; with water, sodium and potassium act 
in the cold ; iron, magnestum, sine, etc., require a high temperatare. 

Na + HjO = NaHO + H. 
Mg -f HjO = MgO + Hj. 
Zn -f HjSO^ = ZnSO^ + H^. 

The last method is generally used in the laboratory. 

Hydrogen is also evolved readily by the action of sodium hydroxid on 

aluminum. 

Al, + 6NaHO = NajAljOg + H^. 

Na^AlgOf is usually called sodium aluminate. 

Pure hydrogen is a colorless, tasteless and odorless gas. It is the lightest 
body known, a litre weighing 0.08961 grm. 100 cubic inches weigh 2.14 
grains. It has not been liquified, ft will bum in air or oxygen, forming 
water. 

Hydrogen, though not poisonous, will not sustain life; small quantities, 
when pure, can be inhaled without danger. 

Hydrogen is a positive monad, and a standard for valency, atomic and 
molecular weight and density. It combines with many elements. It is the 
essential element of acids. 

Water f H3O. — ^When two volumes of hydrogen and one volume of oxy- 
gen are combined, complete condensation takes place and water is formed. 

Water exists abundantly, not only collected in masses, as in rivers, lakes 
and seas, but in combination with many substances and in a state of mixture 
with inorganic and organic bodies. Air almost always contains some water. 
Some living structures, as succulent fruits, jelly fish, etc. , consist almost en- 
tirely of water. In natural conditions water is never pure. The matter 
i^dinarily dissolved varies from five to thirty grains to the gallon. When the 
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quantity greatly exceeds this, and especially when peculiar substances, such as 
iron or sulfur, are present, it constitutes a mineral water. Sea water is very 
rich in mineral substances. 

The most important varieties of mineral waters are — 

Aikaline or carbonated watersy containing various carbonates in solution, 
geneially with a quantity of free carbonic acid. 

ChafyhetUe waters^ containing iron, generally as ferrous carbonate, with 
excess of carbonic acid. 

Sulfur waterSy containing hydrogen sulfidand other sulfids. 

Acid wcUerSy containing some of the stronger acids. 

Saline or aperient waterSy having large amounts of chlorids and sulfates. 

Water cornHnes with many bodies. There are two principal classes of 
these compounds. In one the water seems to unite as such widi the o^er 
substance, in the other class the molecule of water is broken up. 

Of the first kind of combination instances are seen in common crystals. 
The blue crystals sold as copper sulfate have the composition CuSO^, 
5H,0. Water that is ki this way part of « molecule, and essential to a 
crystalline form, is called water of crystallization. Substances that 
do not contain water of crystallization or which have been deprived of it, are 
Said to be anhydrous. Water of crystallization is usually easily driven ou' 
by heat. 

TIm second Ibrm of the chemical action of water is. seen if we mix watet 
with quicklime ; a violent action ensues, and the compound CaH^O, results. 
A considerable number of oxids are capable of uniting thus with water 
and forming bodies known as hydroxids. 

The oxids which, by addition of water, produce hydroxids are called . 
ANHYDRIDS. By Subtracting H^O from any hydroxid we may reproduce 
the corresponding anhydrid. Acids in this way furnish anhydrids : — 

Sulfuric Acid. Sulfuric Anhydrid. 

HjSO^ — Hj,0 = SO3. 

If the acid contains but one atom of hydrogen, we must, of course, double 
the formula before subtracting. Hence — 

Nitric Acid. Nitric Anhydrid. 

2HNO, — H,0 = N^Og. 

The term anhydrid generally refers to those bodies which yield acids 
by addition of water. Those which jneld hydroxids capable of neutralizing 
acids are generally called bases. 

Hydrogen Dioxidy hydrogen peroxid, H^Oj, H — O — O — H. — ^Tbis body^ 
aometiiiies called oxygenated water, is ipte?p«teA. \s^ \fe««Jc>M^«»^sgsQ.>sv'^^ 



40 INORGANIC CHEMISTRY. 

presence of water, or when certain highly oxidized bodies are dissolved, as 
in the following reaction : — 

BaO, + HjSO^ = BaSO^ + Kfi^. 

The presence of a considerable excess of water is necessary to the success 
of this reaction. Dilute solution of hydrogen dioxid can be conveniently pre- 
pared by dissolving sodium dioxid in dilute acid. It is a colorless, transpar- 
ent, oily liquid, nearly one-half heavier than water ; it is without odor, has a 
bitter taste, blisters the skin and bleaches organic colors. It is decomposed 
by heat and by many chemical substances, often explosively. The prepara- 
tion of the concentrated liquid is difficult, but a dilute solution can be easily 
kept, and is now a commercial article^ being used for bleaching hair, and as 
a disinfecting and oxidizing agent 



POTASSIUM. 

Potassium, K, 39, occurs in many rocks and soils and in the ashes of 
land plants, also as nitrate and chlorid. It is quite soft, quickly tarnishes in 
the air, and decomposes water rapidly, the escaping hydrogen being so highly 
heated as to take fire, burning with a purple flame, due to the potassium. 
Specific gravity, 0.865. It is highly positive, and forms several oxids. 

Potassium Hydroxide KHO, Caustic Pottissa^ is made by boiling potassium 
carbonate with slaked lime : — 

CaHaO, + KjCOj = 2KHO + CaCOa. 

It is a white, powerfully alkaline solid. 

Potassium Carbonate ^ KjCOj, Salt of Tartar. — This is extracted from the 
ashes of land plants. Pure potassium carbonate is white, alkaline and. 
moderately corrosive.. 

Acid Potassium Carbonate^ KHCO3, Salceratus^ is a white crystalline body, 
and is used in effervescing mixtures, but acid sodium csu-bonate has of late 
years substituted it to a great extent. It is often called bicarbonate. 

Potassium Sulfate^ KjSO^, forms hard crystals, not very soluble in cold 
water. 

Acid Potassium Sulfate ^ KHSO4, is sour and strongly acid to test paper. 
It is often called bisulfate. 

Potassium Nitrate^ KNO3, Nitre^ Saltpetre^ is found on the surface of the 
soil in India, and may be prepared artificially. Potassium nitrate is used in 
gunpowder and fireworks. 
, Gunpowder consists of nitre, charcoal and sulfur. The gases produced at- 
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the moment of explosion are sufficient to occupy about 1200 times the bulk 
of the powder, and the bursting effect is due to this sudden expansion. 

Potassium Chlorate y KCIO3.— ^The salt forms flat, tabular crystals. It melts 
below a red heat, and at a little higher temperature gives ofl* all its oxygen, 
leaving potassium chlorid. It is not very soluble in cold water, requiring 
about sixteen times its weight for solution. It is used largely as a source of 
oxygen and in medicine. 

Potassium Chlorid y KCl, exists in sea- water and in some springs. It re- 
sembles common salt. 

Potassium Bromidy KBr, forms cubical crystals, soluble in water. 

Potassium lodid, KI, closely resembles the bromid. It is easily soluble in 
water. 

Potassium compounds are mostly soluble in water. A few, however, are 
so slightly soluble as to afford us serviceable tests. 

Platinum chlorid produces with potassium salts, a yellow crystalline precipi- 
tate of potassium-platinum chlorid, 2KCI, PtCl^. 

Tartaric acid gives a white crystalline precipitate of acid potassium tartrate, 
KHC^HjOg. 

Potassium compounds give to flame a color which is a mixture of red an^ 
violet. 

SODIUM. 

Sodium, Na, 23. — Common salt, NaCl, is the most abundant compound. 
The ashes of sea plants contain sodium carbonate. Sodium closely resem- 
bles potassium, but is a little heavier and not so easily oxidized. The prop- 
erties of its compounds are also much like those of potassium. 

Sodium Dioxidy Sodium Peroxidy Na^O,, is now a commercial article and 
is a very useful oxidizing agent. It is a yellowish solid, very caustic. It 
dissolves readily in water evolving some oxygen. 

Sodium Ifydroxidy'SaiHOy Caustic Soda] is very strongly alkaline and cor- 
rosive. It is prepared from sodium carbonate, in the same ihanner as potas- 
sium hydroxid. It is a powerful poison. 

Sodium Carbonate, Na^COj, forms large crystals, having the composition 
Ni^COg, 10H.2O, called sal soda or washing soda. On exposure to air these 
crystals effloresce, and fall to a white powder. 

Acid Sodium Carbonate y NaHCOj, Baking Soda, is now much used in 
effervescing mixtures, such as the common baking powders, which are usually 
a mixture of cream of tartar and baking soda. Alum and acid calcium phos- 
phate are often used as substitutes for the cream of tartar. The action of <iv<ii 
|)owder is due to the sudden evolution, oi a\ax^'& N<A^3LX!afc oS. ^■a.i^^^i^ $^<5fKw^%— 
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Sodium SulfaUy Glamker's Salt, Na^SO^^oHsO, forms Itxge crystals, whidb 
are remarkdsle for being more solable in water at 93^ F. (34^ C.) than at any 
other temperature. 

Sodium Nitrate, NaNO,, Chili Saltpetre, is used as a fertilizer, and also in 
the preparation of nitric acid. - 

Sodium Chlorid, NaCl, Common Salt, occurs in thick beds in various parts 
of the world, and is also prepared from sea water and certain brine springs, 
by evaporation. It dissolves in about the same amount in hot and cold water. 

Sodium Phosphates. — ^The most important form is disodium acid phosphate, 
Na^HPO^, which is used in medicine. Sodium phosphate, Na^PO^, is now 
made in large quantity as a cleansing agent and for other purposes. 

Sodium Tetraborate, Na^B^Of . See Boric Acid. 

Sodium Silicate, See Silicic Acid. 

Sodium Thiosulfate, Na^S^O,, is much used in photography under the name 
hyposulfite. Its solution possesses the power of dissolving many of the salts 
of silver, which are insoluble in wat«r. 

Sodium Sulfite, Na^SOj, is used as a substitute for sulfurous acid in pre- 
venting fermentation, also as a reducing agent. 

Sodium compounds give a strong yellow color to flame, and are with very 
few exceptions quite soluble in water. 

Lathiom, Li, 7.—- Its principal sources are some rather rare minerals. I^ 
salts resemble in the main those of potassium and sodium. Small amounts af 
lithium compoimds are occasionally found in natural waters, constituting the 
80-called lithia waters. Lithium imparts a crimson color to flame. 

Cesium, Cs, 133, and Rubidium, Rb, 85.4. — ^Tfaeir compounds are rare 
and resemble those of potassium.' Cesium gives a blue color to flame ; rabi- 
dium a dark red color. 



SILVER. 

Silver, Ag, 108. — Silver occurs native — ^that is, in the free state — in mod- 
erate abundance, also as sulfid, chlorid and other compounds. It is nearly 
always present in small amounts in lead ores. It is white and highly lustrous, 
easily worked into plates and wire, and a good conductor of heat and elec- 
tricity. Specific gravity, 10.5. It resists the action of oxygen and of caustic 
alkalies, but is attacked by sulfur and sulfids and by nitric acid. The 
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sensitiveness of silver salts to light is die basis of photography. SiWer i 
at i68i^ F. (916^ C). For use in the arts it is usually alloyed wkh co] 
The standard alloy of the English mint (sterling silver) contains ^ cop 
that of the United States mint (coin silver) ^ copper. 

Silver Oxid, Ag^O. — Oxygen is absorbed by melted silver, but no comi 
tion is formed. When a solution of a silver salt is treated with potas 
hydroxid, and the precipitate gently heated, silver oxid is formed. 

Stiver Nitrate, AgNOj, Lunar Caustic y is easily made by dissolving 
metal in nitric acid. 

Silver nitrate forms colorless crystals, very soluble in water, and, ^ 
mixed with organic matter, blackened by light. It fuses at 426® F, (219*' 
and is often cast in sticks for use as a caustic. The property of formi 
black, difficultly soluble precipitate with organic matter is utilized in the m 
facture of hair-dies and marking ink. 

Silver Chlorid, AgCl, is found as a mineral, and is easily fonned artitic 
by adding any soluble chlorid to silver nitrate : — 

NaQ -f AgNOj = AgCl -f NaNO,. 

It forms a heavy white precipitate like curdled milk, turning violet ir 
light, especially if organic matter be present. 

Silver is easily reduced from most of its compounds by heat alone, an 
reducing agents. 



/l-^ 
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Chlorm Group. — This includes' chlorin, bromin, iodin and fluorin, nega- 
tive monads of high affinity. Chlorin generally expels bromin from combina- 
tion, and bromin expels iodin. 



CHLORIN. 

Chlorin, CI, 35.46. — ^The most abundant compound is common salt, NaCl. 
Many other chlorids are found as minerals. 

Several methods for the preparation of chlorin have been devised ; nearly 
all of them depend upon the oxidation of some chlorid. 
. {a) By heating a mixture of manganese dioxid and hydrochloric acid : — 

MnO, + 4HCI = MnClj + 2HjO + CI,. 

. {b) By heating .a mixture of common salt, sulfuric acid and manganese 
dioxid : — 

MnO, + 2N«C1 + 2HjS04 = MnSO^ + NajSO^ + 2H,0 -f CI,. 

(c) By the action of hydrochloric acid upon potassium chlorate, potassium 
dichromate or bleaching-powder. These methods yield an impure chlorin, 
and are suitable for the preparation of small amounts. 

The reaction with potassium chlorate may be represented as follows : — 

2KCIO3 + 4HCI = 2KCI + Q\0^ + CI,. 

Chlorin is a greenish-yellow, highly irritating gas. It can be condensed to 
a greenish liquid. The gas is about two and a half times as heavy as air ; one 
litre weighs 3.1808 grms.; water dissolves about three volumes, acquiring 
the color and odor of the gas ; the solution, known as chlorin water^ does 
not keep well. 

The affinities of chlorin are very great. It combines directly with most of 
the metals, decomposes water, and changes many organic substances. Its 
affinity for hydrogen is increased by light. 

It has many applications as a bleaching and disinfecting agent, but is rarely 
used in the form of gas, the effects being generally obtained by the use of 
bleaching powder (see hypochlorites). 

Chlorin is a monad in its strictly negative relations, i. e. , in simple chlorids, 
but in association with oxygen, it seems to assume higher valencies. It is 
also capable of replacing hydrogen, atom for atom, giving rise to an important 
and extensive series of substitution compounds, which are considered in con- 
nectJon with orgamc chemistiy. 
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ffydrochloric Acid, HCl, Muriatic Acid, Spirit of Salt. — This acid may be 
formed by the direct union of its elements, but the practical process is the 
action of common salt and sulfuric acid, according to the following reac- 
tion : — 

aNaCl + H,SO^ = Na^SO^ +* 2HCI. 

This reaction requires a high tetnperature. In ordinary experiments and on 
the small scale the reaction is — 

NaCl + HjSO^ = NaHSO^ + HCl. 

Hydrochloric acid is a colorless gas of a strong pungent odor and poisonous 
to animals and plants. Its density is l3.i8l ; a litre weighs 1.63 grms. It 
does not bum nor support ordinary combustion, but some substances bum in 
it, forming chlorids. Water will absorb nearly 500 volumes, producing a 
strongly acid solution, which is the common hydrochloric or muriatic acid. 
When pure this is a colorless, fuming, strongly acid liquid. 

Many metals dissolve in hydrochloric acid, forming chlorids and liberating 
hydrogen ; oxids dissolve, forming chlorids and water ; sulfids form hydro- 
gen sulfids, etc. The following reactions illustrate this : — ' 

Zn + 2Ha = ZnCl, -f H,. 
ZnO + 2HCI = ZnCl, + H,0. 
FeS -f 2HCI = FeCl, -f HjS. 

With many oxids, some chlorin escapes, as shown in the reaction with man- 
ganese dioxid or lead dioxid. We may assume such reactions to occur in two 
stages, thus : — 

PbOi + 2HCI = PbCl, -f H2O + O. 

The nascent O oxidizes a further quantity of acid — 

2Ha + O = H,0 -f CI,. 

A mixture of about three parts nitric with five parts hydrochloric acid has 
been long used under the name aqua regia and nitro-muriatic acid. It dis- 
solves gold and platinum, and owes its efficacy in part to the free chlorin 
which is formed by the oxidizing action of the nitric acid upon the hydro- 
chloric acid. 

Com/tounds 0/ Chhrin and Oxygen.— %i^^^v^ oi Xjaesi^ «t^ Vwo^wx Nsx'^safc 
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free state. Others are known otAy in combmatioD, as in the felkmring 
scries: — 

HQO . . . Hypochlorous acid. H— O^Cl. 

DI 

HCIO, . . . Chlorous " H— O— CIO,. 

HClOj . . . Chloric " H— O— CIO,. 

yn 

HQO^ . . . Perchloric " H— O— CIO,. 

Any positive may take the place of the hydrogen. 

Chloric Acidy HClOj. — When chkkrin acts upon metallic oxids or hydroxids 
at a temperature of over 60® F. (15.5® C.) chlorates will be produced, accord- 
ing to the following, reaction : — 

6KHO + Clj = KCIO, + 5Ka + 3H,0. 

The chlorates are useful for the large amount of oxygen which they contain^ 
and which they yield easily when heated. Potassium chlorate is the substance 
from which oxygen is usually. prepared. Perchloric acid is obtained by heat<- 
ing dilute chloric acid. The perchlorates resemble the chlorates. 

When chlorin acts upon hydroxids, especklly calcium hydroxid, at a low 
temperature, hypochlorites are produced. (See caldura h3rpochlorite.) A 
weak solution of hypochlorous acid is sometimes used for removing ink. 

Chlorin combines with nitrogen to form a body called nitrogen chlorid. 
It is an oily liquid, which decomposes very easily and with violent explosion. 



BROMIK. 

Bromin, Br, 80. — Bromids occur in sea water, sea plants, brine springs 
and in a few minerals. Bromin may be prepared by processes analogous to 
those of chlorin — acting upon bromids by means of oxidizing agents, such as 
a mixture of sulfuric acid and manganese dioxid : — 

2KBr + MnO, + 2H,S04 = Y^O^ + MnSO^ + 2H,0 + Br,. 

It may also be directly expelled by the superior affinity of chlorin : — 

■ KBr + CI = KCl + Br. 

Bromin is a dark red liquid, which at ordinary temperatures evolves irritat- 
ing red vapors. This liquid is three times as heavy as water, and boils at 
1450 F. (63® C.) and freezes at —12® F. (—250 C). It is soluble in water, 
mnf U Q^en ^onv^nicDtly used in that iona, \t^ chemical ^ro^rties are 
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similar tcr those of chloria, baC not so energetic. It bleached vegetable ooiors 
and decomposes many organic bodies. 

It combines energetically, forming bromids, of wbieh those of- hydrogen, 
potassimn and ammonium are the most important. It also forms oxygen 
compomids analc^ous to those of chlorin. 

Hydrogen Bromidy Hydrobromic Acidy HBr. — This substance cannot be 
conveniently prepared by the action of siiiftiric add upon a btomid, but is 
obtained by using a mixture of phosphorus, powdered glass and bromin, or 
by the action of phosphoric acid upon a bromtd. It resembles hydrochloric 
icid in its properties', and is used in medicine. 

Salts of Bromic Acid^ HBrOj, and Ifypobrvmmis Acidy HBrO, are also 
known. They closely resemble the corresponding chlorin compounds. 



lODIN. 

lodin^ If. 127. — ^lodids occur in assodaticMi with bramids and chlorids in 
sea water and sea plants. 

lodin is prepared from any iodid, by processes similar to those for bromin, 
either by the action of chlorin or of a mixture of manganese dioxid and sulfuric 
acid. The reactions are — 

KI + CI = KQ + I, 
•r, 

2KI + MnO, + aHjSO^ = KjSO^ -f MnSO^ + 2H,0 + I,. 

It forms bluish-black crystalline masses with metallic lustre. It evaporates 
slowly at ordinary temperatures, melts at 225® F. (107® C), and boils at 347** 
F. (175** C.). The vapor has a deep violet color and a peculiar odor, some- 
what like that of chlorin, but is not so irritating. The solid dissolves in 
alcohol, ether and carbon disulfid ; also in water containing potassium iodid ; 
only slightly in pure water. It has some bleaching, oxidizing and disin- 
fecting powers. One of its important properties is that of producing a blue 
color with starch. For this action the iodin must be in the free state ; the 
iodids give no color. 

The chemical relations of iodin are substantially the same as those of chlorin 
and bromin. 

Hydrogen lodidy HI, Hydriodic Acid. — This is prepared by methods similar 
to those used for hydrogen bromid, which body it closely resembles. It is 
ised in medicine. 

5y the action pf strong ammomum Yiy^oxv^ ^^011 ys^^^T^ vaftsa^ 
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brownish substance is produced, having probably the composition NHI,. It 
is easily handled while wet, but when perfectly dry it explodes, with a loud 
report, on the slightest touch. 



FLUORIN. 

Fluorin, F, ig. — ^This is tolerably abundant in fluor spar, CaF,, and 
cryolite, jNaFjAlF,, and some rarer minerals. It exists in the stems of 
grasses and in bones and teeth. 

Fluorin is a gas, the properties of which have only lately been studied, on 
account of the difficulty of obtaining it. It combines with every known ele- 
ment except oxygen. It is remarkable for its affinity for silicon. 

Hydrogen Fluoride Hydrofluoric Acid^ HF. — This body is prepared by 
acting on calcium iluorid, CaFj, with sulfuric acid. The pure HF is a gas, 
but will dissolve in water. It acts powerfully, especially on siliceous mate- 
rials. It is used for etching designs on glass. 

Strong solution of hydrogen fluorid is now sold in gutta-percha bottles of 
paraffin, upon which it has no action. 
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Oxygen Group. — This includes oxygen, snlfur^ selenium and tellurium, 
negative dyads. 



OXYGEN. 

Oxygen, O, l6. — This exists in water, air, all animal and vegetable tis- 
sues and in the great majority of minerals. It constitutes over half the 
matter composing the earth. 

Several oxids are decomposed by heating. The decomposition of menmric 
oxid in this manner was the means of the discovery of the gas, the reaction 
being : HgO = Hg + O. 

Chlorates and nitrates are decomposed by heat, giving off large quantities 
of oxygen, but not always quite pure. Potassium chlorate mixed with about 
one-quarter of its weight of manganese dioxid is preferred. 

The reaction concerns the potassium chlorate only, which is simply 
decomposed — 

KaOj = KCl + O3. 

The exact manner in which manganese dioxid acts has not been explained. 

Oxygen is colorless, odorless, and tasteless ; it is one-tenth heavier than 
air, one litre weighing t .43 grm. It is continually being absorbed by living 
animals in the process of respiration, to which function it is essential, and is 
also consumed in ordinary combustion. All bodies which bum in air bum 
with increased brilliancy and rapidity in pure oxygen. 

Plants under the influence of light both excrete and absorb oxygen. 

Oxygen combines with every other element except flnorin, and with many 
in several prc^rtions. The chemical functions of these oxids are dependent 
in part upon the number of oxygen atoms present. Those of manganese may 
be taken as examples : — 

MnO Powerful base. 

MujOg .... Weak base. 
MnOj .... Indifferent. 
MnO^ Forming an acid (anhydrid). 

These illustrate the law that small proportions of oxygen tend to produce 
bases, high proportions anhydrids- or acid-forming oxids, and intermediate 
proportions bodies of uncertain or indifferent character. Elements of inter- 
mediate electrical character are incapable of forming basic oxids. Thus, 
aitfogen forms five o^ds, ttut 9)o^<; *^f tlf^m i)d$"J>9^ pi>}iver^>, bu.t: ^^n^^c^k 
mm powerftil acids. • *•*••*• • . 1 \ .* ^ * . * ^ . ' ' 
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Oxygen is slightly soluble in water, and upon this fact depends the exist- 
ence of most forms of aquatic life. 

The removal of oxygen from any compound is called reduction ; the addi- 
tion of oxygen is called oxidation. Substances which bring about the former 
action are called reducing agents, those causing the latter effect, oxidizing 
agents. The terms are now extended to actions involving the removal or 
addition of other negative elements. Thus the conversion of ferric chlorid 
into ferrous is called a reduction, and the reverse operation (ferrous chlorid 
into ferric) is called an oxidation. 

Ozone. — Ozone is a modified form of oxygen in which three atoms cob> 
stitute a molecule. The contrast between the conditions is shown thus : — 

Ordinary Oxygen. Ozone. 

= O 

— 

Ozone may be prepared by passing electrical sparks through air or oxygen, 
by the slow oxidation of phosphorus or of turpentine, or other essential oils, 
by the decomposition of water by the galvanic current, by the action of acids 
upon certain bodies rich in oxygen. By all these methods only a small pro- 
portion of the oxygen is converted into ozone. When barium dioxid or 
potassium permanganate is mixed with strong sulfuric acid, some ozone 

forms : — 

3BaO, -f sHjSO^ = sBaSO^ + Oj. 

Ozone is heavier than oxygen, and soluble in water. 

When the properties of an element are modified without alteration of com- 
position, the change is said to be allotropic, . Ozone is an allotropic form of 
oxygen. 



SULFUR. 

Sulfur, S, 32, occurs native — u e., in the free state ; also in combination, 
forming sulfids and sulfates, and in some animal and vegetable structures. 

It is seen in several forms ; roll sulfur or brimstone, made by casting the 
melted sulfur in moulds ; flowers of sulfur, made by condensing the distilled 
sulfur in a cool chamber, and precipitated sulfur, a finely-divided medicinal 
form, prepared by precipitation. 

Ordinarily, sulfur is a brittle, yellow solid, insoluble in water, highly com- 
bustible, /hittjle ^alxft|t ^50* F. (I2I<WJ.) 8iJidA)oilingat 836° F. (447° C). 
/fjs a npn-fop^fuctp^^of ^fjc^if ^t j, wj^ •bfec(JiTO6'%igjsly electrical by fricUoQ, 
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It assumes several allotropic forms, among which is a somewhat plastic mass, 
made by rapidly cooling melted sulfur. This form is not permanent, but 
soon changes to the ordinary form. 

Like oxygen, it combines directly, when heated, with many metals. In 
these compounds the sulfur is negative, and usually dyad. With the mem- 
bers of its own group it combines in several proportions, showing valencies 
of two, four, and six, and perhaps even higher. In combination with 
oxygen and chlorin it is regarded as positive to them. In general its 
compounds are analc^ous in composition to those of oxygen, and since 
many oxids act as bases toward the ordinary acids, so the corresponding 
sulfids act as bases toward what are called the sulfur acids. In such com- 
pounds the sulfur is substituted for the oxygen, atom for atom, and the name 
is formed by prefixing either the syllable ** sulph '* or " thio ** to the name of 
the acid. The latter prefix is now preferred. Thus we have — 

KjO -f- CO, = KjCO, Potassium carbonate. 

KgS 4* ^^ = ^^^8 Potassium thiocarbonate. 

Sulfur is used in the arts for vulcanizing caoutchouc and in the manufacture 
of gunpowder. Match-sticks are tipped with it to make the friction composi- 
tion ignite the wood more surely. 

Sulfur forms two compounds with hydrogen : — 

HjS Hydrogen sulfid. 

H2S, Hydrogen disulfid. 

Hydrogen Sulfid, H^S. — ^This substance is a gas. It exists in solution in 
some spring waters, also in the emanations from decomposing animal and 
vegetable matters. It may be made by acting upon sulfids with strong acids. 
Ferrous sulfid and sulfuric acid are used : — 

FeS -f HjSO^ = FeSO^ -f H,S. 

Hydrogen sulfid may also be obtained by heating a mixture of hydro- 
chloric acid and antimony sulfid. Sb^S, + 6HC1 = 2SbCl8 + SH^S. 

Hydrogen sulfid is a colorless gas, of disagreeable odor, and is easily coni- 
bustible. Water at ordinary temperature dissolves about three volumes, ac- 
quiring the odor and chemical properties of the gas. The important property 
of hydrogen sulfid is its power of precipitating many elements as sulfids. 
These precipitates being generally distinct in color and highly insoluble, their 
production is not only a test for the presence of such bodies, but also a means 
of separating them from solution. 

Hydrogen Disulfide HS, H-S-S-H,— .T\)ds ^joSasXasaR.^ >& ^ ^^^^^ ^^ 
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liquid, of a disagreeable odor, decomposing easily, and is analogous to hydro- 
geh dbxid. 

Compounds of Sucfur with Oxygen, — Sulfur forms with oxygen a nmnber 
of acid-forming oxids or anhydrids, some of which are known only in the 
hydroxid condition — that is, as acids. The important ones are : — 

Anhydrid, Acid, Name. 

SO HjSOj . Hyposulfurous. 

SO, HjSOj ........ Sulfurous. 

SO, H^SO^ Sulfuric. 

H2S2O5 Thiosulfuric. 

The commercial h3rposulfites are salts of thiosulfuric acid, properly called 
thiosulfates. 

Sulfur Dioxide Su^urous Anhydrid, SO,: — This substance is the usual 
product of the bunnng of sulfur or the suHids in air or in oxygen. It may 
also be obtained by deoxidizing sulfuric acid with copper, mercury, charcoal, 
silver, or sulfur. 

The reaction in the preparation of it by the action of sidfuric add on copper 
is — 

Cu + aHjSO^ = CuSO^ + 2HjO -f SO,. 

Mercury and silver also give similar effects. Carbon and sulfur act as fol- 
lows:— 

C + aHjSO^ = 2SOa + 2H,0 + CO,. 
S + 2H2SO4 = aSO, + 2H,0. 

Sulfur dioxid can also be obtained by the action of ordinary acids, e.g., 
sulfuric, on sulfites. 

Sulfur dioxid is a colorless gas, of the well-known odor of burning matches. 
It can easily be condensed to a colorless liquid by a mixture of snow and 
salt. The liquid is sulfur dioxid, SO,, and not sulfurous acid. Sulfur 
dioxid in water forms sulfurous acid, HgO 4- SO, = HgSOg (HSO^HO) which 
remains in solutkm, giving the liquid all the common properties of an acid. 
The solution is also a poweri^l reducing agent, and has moderate bleaching 
power. It slowly becomes converted into sulfuric acid when exposed to air. 

The anhydrid, free acid, and its salts ore antiseptic agents — ^that is, prevent 
putrefaction and fermentation. They act by killing the minute organisms 
wMeb ftn tbe caa$e$^ ^ sucb clwnges. 
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Tii9 salts of sulfuroi^ acid ure cftUed sulfites; moDadi form two oom- 
pounds, acid aod oonvbal. Thjv$« potas^um gives as — 

Acid Potassium Sulfite. Potassium Sulfite. 

KHSO3. KjSO,. 

Dyads give one sulfite. From calcium we have but CaSO,. 

Sulfur Trioxidy Sulfuric Anhydride SO,, is a soft, white, odoiiess solids 
in long, silky crystals like asbestos. Exposed to the air, it absorbs water 
rapidly and becomes converted into sulfuric acid. 

Sulfuric Addy H^04(HO)^S02, oU ofvitriol^ occniB in waters of volcanie 
and mining districts, aqd in the air of towns, in the latter case derived from 
the oxidation of Mdfurous acid. The compounds of sulfuric add (sulfates) 
are of frequent occurrence. Calcium and barium sulfates are abundant mine- 
rals ; sodium sulfate occurs in niflay natural waters. • 

The original method of preparation was the distillation of the s&^fates, 
especially the ferrous sulfate, FeS04. '^^ ^^ so. formed is rnone concen- 
trated than the ordinary commercial article. This latter is made as follows : 
Vapors of nitric and suUurous acids are mixed with steam #nd air in a large 
leaden room, the floor of which is slightly inclined and covered by a few inches 
of water. The s^Hurous acid is derived either from the burning of raw sulfur 
or (ke roasting of pyrites ; the akric acid, from the action of soditim nitrate 
on sulfuric acid. The chemical changes are somewhat complicated, and are 
not wholly understood. 

Pure sultoic acid is a coloriess, oily liquid, of a specific gravity of 1.S48, boil- 
ing at about 640° F. (338^ C. ) . It is highly corrosive and poisonous. Exposed 
to the air, it absorbs water in considerable amount. When added to water it 
produces heat, and the dilution of any considerable quantity must be performed 
by slowly pouring the acid into t^ water with constant stirring. Sulfuric acid 
will decompose many organic substances, extracting the hydrogen and oxygen 
in the proportion to form water, and leaving the caibon. Commercial sulfuric 
acid is usually more or less brown, or even blade, from the carbon set free 
from particles of dust, straw, etc. , which accidentally fall into it. It always 
contains a small quantity of water — about one molecule to twelve of acid : — 

HjO + 12HJSO4. 

Its properties, boil^i^ point, etc., are practically the same as those of the pure 
acid. 

Nordhausen or Fuming StUfuric Acid ^ the original oil of vitriol^ is obtaiuaftd. 
by the distillation of gi««;9 vitiioil. It ^OTT&§>^Ti^s \$i t^^t VstossSa.V^^^'v* 
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being two molecules of sulfuric acid minus one of water, 2H2SO4 — H^O = 
H,S,0.f . Acids derived in this way are known as di-acids or pyro-acids. The 
graphic formulae are as follows :— 

Sulfuric Acid. Disulfuric Acid, 

(a molecules.) 

ngz^; - H.0 = A 

HO- ' HoJo, 

It is denser and even more corrosive than the common acid, and unites with 
water with great enei^y. It is used for dissolving indigo and for a few other 
purposes. When heated, sulfur trioxid distils off, and the ordinary acid is left. 

The properties of sulfuric acid are greatly modified by dilution ; its corro- 
sive and charring action may be entirely removed by adding much water. 

The salts of sulfuric acid are called sulfates. Monads give, of course, two 
sulfates, acid and normal. Sodium gives us — 

Acid Sodium Sulfate. Sodium Sulfate. 

NaHSO^. Na^SO^. 

Dyads give one sulfate. From barium we get only BaSO^ barium sulfate. 

Most sulfates, except those of the calcium group, are freely soluble in water. 

The conmiercial sulfuric acid contains several impurities, of which the most 
important are arsenic and lead. 

Thiosulfuric acid, H^SjOj, commonly but erroneously called hyposulfurous 
acid, has not been obtained in the free state. Sodium thiosulfate is much 
used in photography. These compounds may be regarded as sulfuric acid in 
which one atom of oxygen is replaced by sulfur ; hence thiosulfuric, not thio- 
sulfurous, acid. Its graphic formula may be given thus : HS — SOj — OH. 
The thiosulfates are powerful reducing agents. 

Sulfur forms several compounds with chlorin : S3CI,, sulfur chlorid ; SCI,, 
sulfur dichlorid ; SCl^, sulfur tetrachlorid. 

Selenium, Se, 79.5, is found native and also as selenids. It is rare. 
The physical properties of selenium resemble those of sulfur. It shows- 
several allotropic forms. 

The compounds of selenium are analogous to those of sulfur ; we have — 

HjSe . Hydrogen selenid. 

SeOj Selenium dioxid. 

HjSeOg Selenous acid. 

HgSeO^ Selenic acid. 
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Tellurium, Te, 128, is found native, and also in union with bismuth, gold, 
etc. It is rare. 

It has a metallic lustre and pinkish color, fuses just below a red heat, and 
boils at a somewhat higher temperature. 



Calcium Group. — This includes calcium, barium, and strontium. They 
are positive dyads, and form oxids slightly soluble in water ; those of the first 
three were formerly called the alkaline earths. The sulfates are insoluble or 
sparingly soluble in water. Lead is conveniently described with this group. 



CALCIUM. 

Calcium Ca, 40, occurs mainly in the form of sulfate, carbonate, phosphate, 
and fluorid. It is light yellow and malleable ; it oxidizes easily. 

Calcium Oxid, Quicklime , CaO, obtained by heating the carbonate to red- 
ness (CaCOj = CaO + COj), is a white, infusible solid, which neutralizes 
the most powerful acids and combines with water with great enei^, forming 

Calcium Hydroxide Slaked Lime, CaHjOj, a soft, white, caustic powder, 
slightly soluble in cold water (about 9 grains to the pint). The solution is 
known as lime-water ; a thick mixture of calcium hydroxid with water is 
known as milk of lime. 

Calcium Carbonate, CaCOg. In a non-crystalline condition this is seen as 
chalk, marble, and limestone ; in crystals it forms Iceland spar and arragonite. 
It is the chief constituent of shells. It may be prepared by adding sodium 
carbonate to calcium chlorid : — 

CaClj -I- NajCO, = CaCOj + aNaCl, 

or by passing carbon dioxid through calcium hydroxid solution. 

It is a white solid, almost insoluble in pure water. It dissolves more freely 
in water containing carbon dioxid, hence many natural waters contain it. 
When present in an amount more than a few grains to the gallon, a hard 
water is formed, which has the property of curdling soap and preventing the 
formation of a lather, due to precipitation of insoluble calcium salts, formed 
from the soap; Boiling expels carbon dioxid, precipitates the calcium car- 
bonate, and softens the water. The excess of c^boxi ^xonlv^ nr^ "(^'5«i^«i 
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lost by exposure to air, and calcium carbonate will then be deposited. Such 
an action occurs in caves, forming stalactites and stalagmites. 

Calcium Sulfate , CaSO^, usually occurs crystallized with 2H2O, constituting 
selenite, gypsum, and alabaster, sometimes, however, anhydrous. It is soluble 
in about 400 times its weight of cold water. It is a frequent ingredient of 
natural water, causing the same effect of hardness mentioned above ; but as 
it does not owe its solubility to carbon dioxid, boiling does not soften the 
water, and hence the condition is called permanent hardness. When the 
crystallized mineral is heated moderately, it loses water and becomes a soft 
white powder, plaster- of- Paris, which when mixed again with water re- 
absorbs it and becomes a hard mass, expanding slightly in bulk, and thus 
suited for taking casts of any object. 

Calcium Phosphate, Ca,(P04)2, occurs in bone and in modified form in some 
mineral deposits. Its chief use is in fertilizers and in the manufacture of phos- 
phorus and its compounds. It is insoluble in water, but soluble in dilute 
acids. 

Calcium Hypophosphite, Ca (PHjOj)^, is used in medicine. 

Calcium Chlorid, CaCl^ is obtained by acting on the carbonate with hydro- 
chloric acid : — 

CaCO, + 2HCI = CaCl, + H^O + CO,. 

It is very soluble in water. It has a powerful affinity for water, and is used 
for drying gases. 

Calcium Hypochlorite, Bleaching Powder, Chlorated Lime. — This is pro- 
duced by passing chlorine into slaked lime, keeping the mixture cool. 

The exact composition of the commercial bleaching powder is undeter- 
mined ; it contains some unchanged calcium hydroxid, and exhibits the re- 
actions of a mixture having the formula — 

Ca(C10)j + CaCl^ 

but is considered by some to be more accurately expressed by the formula — 

a 

/ 
Ca 

O— CI 

Bleaching powder, when in good condition, is a loose, dry, white powder, 
with a faint and not disagreeable odor. If it smells of chlorin it is in bad 
conditicm. It dissolves in water. The solution possesses strong bleaching 
and disinfecting powers, for which purposes it is largely used. Acids, even 
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carbonic acid, decompose it, setting chlorin free. The commerciai salt is 
often erroneously called chlorid of lime. 

Calcium Fluoride CaFj, is found as the mineral, Fluor Spar. Small 
quantities exist in bones and teeth. 

Calcium compounds give to flame a reddish color. 



BARIUM. 

Barium, Ba, 137, occurs as sulfate and carbonate. It is a moderately 
heavy, pale yellow, easily oxidized solid. 

Barium Oxidj Baryta, BaO, easily takes up water, forming barium 
hydroxid, BaH^Oj, which is soluble in water. 

Barium Dioxidy BaOj, is used in making hydrogen dioxid. 

Barium Carbonate y BaCOg, is fovmd. in nature as witherite. It is nearly 
insoluble in water. 

Barium Sulfate y BaSO^, BaryteSy is found abundantly as the gangue or 
rock surrounding metallic veins. It is heavy, white, and nearly insoluble in 
water. It is used as a substitute and adulterant for white lead, and also 
as a source of the other barium salts. 

Barium Nitrate, Ba(N0g)2, is used in making green fire. 

Barium Chlorid y BaCl,, is used as a test solution for sulfates. 

Barium communicates to flame a yellowish-green color. Sulfuric acid 
produces in barium solutions a white precipitate of barium sulfate, insoluble 
in acids or alkalies. 

Strontium, Sr, 87.5, resembles barium in its compounds and chemical 
relations. It occurs as sulfate and carbonate. 

Strontium Nitrate is used in making red fire. 

Strontium compounds give to flame a crimson tint. Its solutions produce 
with sulfuric acid a white precipitate resembling that given by barium. 



LEAD. 

Lead, Pb, 207, occurs as sulfid (galena), carbonate, sulfate, and phosphate. 
Its chemical functions ally it with several groups. It is generally a dyad, and 
since it forms a dioxid and its sulfate is nearly insoluble in water, it is best 
considered at this point. It shows tetrad valency that connects it with the 
carbon group, and has also some resemblances Vo ^J^n^x. 
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Lead is a soft solid, but resists the action of air and of some strong acids, 
for which reason it is used in chemical apparatus. Pure water, free from 
air, has little action on. lead, but aerated water oxidizes and dissolves it in 
small quantity. Phosphates, carbonates, "and silicates interfere with this 
action, because they precipitate insoluble lead compounds. Lead melts at 
6i7<» F. (3250 C). Specific gravity, 11.5. 

Some important alloys are : type-metal^ containing 4 parts lead and I part 
antimony ; solder ^ about equal parts of lead and tin ; pewter, I part lead and 
4 parts tin. 

Lead Monoxid, PbO, Litharge, Massicot, is a yellowish or reddish powder, 
slightly soluble in wat6r and neutralizing the most powerful acids. It fuses 
at a red heat, and in this condition combines easily with silica, for which 
reason it is often used in glazing earthenware, but such glaze is easily attacked 
by acids and may give rise to lead poisoning. 

Lead Dioxid, PbOj, Puce, is a brown powder, insoluble in water. It may 
be regarded as the anhydrid of plumbic acid, H^PbO^. 

Red Lead, Minium, usually PbjO^. — It forms a bright powder, not constant 
in composition. It may be regarded as lead plumbate, Pb^PbO^. 

Lead Sulfid, PbS, is abundant as a mineral, ^a/f/ta, forming large, cubical, 
lead-colored crystals. It can be formed by adding hydrogen sulfid to lead 
solutions. 

Lead Carbonate, PbCOj, occurs as a mineral, but is made artificially on a 
very lai^e scale for use in paints. The white lead of commerce is an hydroxy- 
salt of varying composition, approximately aPbCOg -f- PbH^Oj. 

Lead Sulfate, PbSO^, is a white insoluble powder, produced by adding 
sulfates to lead solutions. 

Lead Chlorid, PbClj, forms slender crystals, not very soluble in cold 
water. 

Lead lodid, Pbl^, yellow crystalline powder, sparingly soluble in cold 
water. 

Lead Chromate, PbCrO^, Chrome Yellow, is described under chromium. 
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Copper Group. — ^This includes copper and mercury. They are positive 
dyads, but also form a series of unsaturated compounds. 



COPPER. 

Copper, Cu, 63.5, occurs native in large masses, also as sulfid (copper 
p3nites), and as oxid, silicate and carbonate. In small amounts it is widely 
distributed in nature, occurring in many articles of food, and generally in the 
human body, especially in the liver and brain. Copper is distinguished by 
its red color. It is heavy, specific gravity, 8.9; hard, and can be worked 
into thin plates or wire; melts at 1996® F. (1901® C). It conducts heat 
and electricity very well, and resists the action of the air, but is slightly 
oxidized and dissolved by acids when in contact with air. Salt water and 
the acids of fruits will produce this effect, and hence the danger of using 
copper vessels for kitchen purposes. Copper furnishes some valuable alloys 
— ^brass, gun-metal, etc. It forms two sets of salts ; in the cupric series, the 
metal is dyad and saturated ; in the other, cuprous, the copper is unsaturated. 
The cuprous salts are mostly colorless and tend to absorb oxygen or other 
negatives, becoming saturated (cupric) compounds ; the cupric salts are green 
or blue. 

Copper Monoxidy CuO, Cupric Oxid, Black Oxid, is a heavy, black pow- 
der. Copper hydroxid, CuH^Og, formed when copper salts are mixed with 
sodium hydroxid, is a bluish green mass, dissolving in ammonium hydroxid, 
producing a clear, deep- blue liquid ; but with sodium hydroxid no solution 
occurs except in the presence of certain organic bodies, especially sugar, 
when a clear blue solution is also formed. If a solution containing sugar is 
boiled, the cupric hydroxid is changed to cuprous oxid, which is precipitated 
as a red or orange powder. 

Copper Carbonate^ CuCOg, appears not to be known in the pure state. 
Various oxycarbonates, malachite, and azurite exist as minerals, and similar 
compounds are obtained by the addition of carbonates to copper salts. 

Copper Sulfate, CUSO4, -^^«^ Vitriol, Blue Stone, forms lai^e blue crystals 
soluble in water, and having the composition CuSO^, SH^O. 

Copper Chlorid, CuClj, is in green crystals, soluble in water. 

Copper Arsenite, CuHAsOj, Scheele* s or Paris Green, is a bright green 
powder. It is used for killing potato-bugs and also as a color. It is a vio- 
lent poison. A compound containing copper acetate and arsenite is known 
as Schweinfurth green. 

Cuprous Salts,— Cuprous Oxid, C\l<0, \s Viift Tt^\i\.V ol ^^ x^^ss^s^xsj^^^^^^ 
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of sugar on a mixture of fiodium hydroxid and cupric hydroxid. Cuprous 
Chloride CuCI, is a white solid, insoluble in water. Thi? cuprous salts are 
easily converted into cupric. 

. Copper gives a green tint to flame. Potassium ferrocyanid gives a 
mahogany brown precipitate of copper ferrocyanid. A clean piece of iron 
immersed in a solution of copper becomes quickly covered with a bright red 
coating <A copper. This is an easy method for detecting it in pickles, green 
peas, etc. , which are often cc^ored by copper. 



MERCURY. 

Mercury, Hg, 200. — This metal is found native, and as sulBd (cinnabar). 
It is liquid at the ordinary temperature, freezing at — ^oP F. and C. , and 
boiling at 675® F. (357® C.) ; when pure it does not tarnish in dry or moist 
air, but above 300® C. it absorbs oxygen. It is very lustrous and heavy ; 
specific gravity, 1 3. 5 6. Combinations of mercury with other metals are 
known as ama^ams. These are either soft or hard, according to the 
quantity of mercury used. Two series of salts- are known, corresponding 
to the copper salts, and called respectively mercurous and mercuric salts. 

Mercuric Oxid, HgO, Red PrecipitcUe^ is a red or yellowish-red powder. 
It is an active base. 

Mercuric Sulfate^ HgSO^, is a white powder, which is decomposed by 
water, forming a yellow oxysulfate, HgSO^ -j- 2HgO, called turpeth 
mineral. 

Mercuric Nitrate^ Hg(N03)2, is generally seen in solution with excess of 
nitric acid, forming the acid mercury nitrate used in medicine. 

Mercuric Chloridy HgClj, Corrosive Sublimate ^ is a heavy, white, crys- 
talline powder, soluble in water and ether, and having an acrid, metallic 
taste. It is extremely poisonous, about three grains being a fatal dose. It 
forms with albumin an insoluble precipitate. Dilute solutions of mercuric 
chlorid are now much used as an antiseptic in sui^ery. 

Mercuric lodid, Hgl,, Red lodidy is formed when mercuric chlorid is 
mixed with potassium iodid ; — 

HgClj -f 2KI = Hglj, + 2Ka. 

It is at first yellow, but changes to a brilliant scarlet. 

Mercuric Sulfid, HgS, Vermilion^ Cinnabar ^ is an important ore of 
mercury. 
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The Mercurous Saits are mostly of little impoifance. 
Mercurotis Oxid^ HgjO, is a black powder, easily decomposed. 

Mercurous Chlorid, HgCl, Calomel, is a white, heavy, tasteless powder, 
insolfible in water. 

Mercuric salts give with potassium iodid a yellow precipitate of Hglj,, 
changing to scarlet and soluble in excess of the precipitant. 

Any compound containing mercury will give with Reinsch's test [q. v.) a 
bright silvery coating on copper foil, easily driven off by heat. 



Zinc Qrotip. — ^This includes zinc, magnesium, and cadmiimi. They each 
form but one definite oxid, which is insoluble in water, not caustic, capable 
of forming well-marked salts. Beryllium, a rare element, is also included in 
this group. 

ZINC. 

Zinc, Zn, 65.5, exists as sulfid {blende) y carbonate {calamine) , silicate 
(electric calamine), and as oxid. It is hard, bluish- white, generally decidedly 
crystalline. Sp. gr. 7.14. It melts at 770° F. (410° C), and distils at about 
a red heat. It is brittle at ordinary temperatures. When highly heated it 
bums with a greenish-white flame, producing ZnO. Acids and strong alka- 
lies dissolve it. It is employed in making several important allo3rs, as brass 
and gun-metal, which contain copper and zinc, and German silver, which 
contains copper, zinc, and nickel. Galvanized iron is simply iron covered with a 
layer of zinc by dipping it in a bath of melted zinc. Commercial zinc is very 
likely to contain arsenic. 

Zinc Oxid, ZnO, Zinc White, is a soft powder, yellow when hot, white 
when cold. It is used as a paint, as an application in surgical dressings, and as 
a face powder. 

Zinc Hydroxid, ZnHjOj, is a white body, soluble in acids and alkalies. 

Zinc Sulfate, ZnSO^, White Vitriol, iormSi white crystals having the formula 
ZnSO^, 7H2O. They are soluble in water, and act as an emetic. 

Zinc Chlorid, ZnClg, forms white masses, which absorb water rapidly from 
the air {deliquesce) and make a strong solution. Zinc chlorid is a x^^««.*nx^w 

corrosive, coagulates albuminous \ua\Xw, 9ocv^ \5> >)Si^^ ^ ^ ^x^'^rx^^jiSkjc^^ ^sx 
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anatomical preparations, also as an application in dentistry. When a strong 
solution of zinc chlorid is mixed with zinc oxid, the two combine and form a 
hard, white, insoluble mass which is used as a filling for teeth. 

Zinc Phosphate, made by mixing zinc oxid with phosphoric acid, has come 
into use lately as a substitute for the oxychlorid in filling teeth. 

A white precipitate of zinc sulfid is thrown down by the action of hydro- 
gen sulfid on alkaline solution of zinc salts. 



MAGNESIUM. 

Magnesium, Mg, 24.3, occurs as a carbonate {magnesite), silicate {talc 
and soapstone), also as hydroxid and chlorid. Most natural waters contain 
magnesium compounds. It is a bright, malleable solid. Sp. gr. 1.74. 
When strongly heated in the air it bums with a bright light, producing MgO. 
Magnesium compounds cause hardness in water similar to that produced by 
calcimn salts. 

Magnesium Oxid, MgO, Magnesia, is a light, white powder, insoluble in 
water, and neutralizing acids. 

Magnesium Carbonate, MgCOj, occurs as a mineral (magnesite). The ar- 
tificial form, known as magnesia alba, is an oxycarbonate. 

Magnesium Sulfate, MgSO^ Epsom Salt, forms colorless crystals, having 
the composition MgSO^, yHjO. It is very soluble in water. 

Magnesium Chlorid, MgCl^, resembles zinc chlorid in some respects, but 
does not have the same corrosive action. When mixed with magnesium oxid 
it sets to a hard mass. 

Cadmium, Gi, 112, occurs in zinc ores. It is silver- white and crystalline. 
Sp. gr. 8.6. It melts at 442° F. (228® C), and is nearly as volatile as mer- 
cury. It is easily dissolved by ordinary acids. CdS is obtained as an orange- 
yellow precipitate by passing hydrogen sulfid into solutions of cadmium 
compovmds. 
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Iron Group. Strictly this includes only iron, manganese, and chromium. 
They form two series of salts, in which they are respectively dyads and either 
triads or tetrads ; the tetrad form is supposed to act as a double atom, as ex- 
plained under iron. Aluminum is includecl here because it forms compounds 
agreeing with the higher series of iron salts. Nickel and cobalt are included, 
because of several resemblances to iron. 

Chemists do not agree as to the proper method of formulating the higher 
(ic) series of compounds of this group. It is pointed out in the chapter on 
Valency, that it may be assumed that in such compounds the actual valency is 
four, but that by saturation between like atoms, the effective capacity of each ib 
reduced to three, and graphic formulae are given to show the application of 
this theory. Under this view ferric chlorid will be written FcjClj, aluminum' 
chlorid, AljClg. At the present day, however, the tendency is to divide 
these formulae, writing FeCl,, AICI3, considering the positive elements as. 
triads. This is contrary to formerly accepted opinion that valencies increase^ 
or diminish by two degrees, but ill view of the general custom of teachers, 
and especially in view of some experiments recently published, the simpler 
formulae are preferable and are adopted in the description below. Formulae 
such as AljOg, FejO^, caimot be divided, but are the same under both views. 



ALUMINUM. 

Aluminum, Al, 27, is abundant as silicate, constituting clay and many 
common rocks. Most building materials are mixtures of aluminum silicate 
with other silicates. 

Aluminum is white and not very lustrous, malleable and ductile, sonorous 
and very light ; specific gravity, 2.6. It tarnishes slightly in the air, and dis- 
solves rapidly in hydrochloric acid and in sodium hydroxid, but not in nitric 
acid. It melts at 842^ F. (450° C). Valuable alloys of aluminum with 
copper, nickel, silver, etc., are now made by a process of electrical decom- 
position. The alloy of 90 parts of copper with 10 parts aluminum has the 
color of gold. 

Aluminum forms but one series of compounds, which possess strong analo- 
gies to the higher series of iron salts ; hence it is often regarded as form- 
ing compounds by the joint action of two tetrad atoms, which act as a hexad, 
but chemists are not unanimous on this point. 

Aluminum Oxid, Al^Og, occurs naturally as corundum, which, when 
crushed, constitutes emery ; finely crystallized, as the ruby and sapphire. I*, 
^an be prepared by hes^ting ammonium alvjimi^ \V ^'Wi Vcyraos* ^^^^«>5«, ^Ks^^s^st, 
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In aU the anhydroas forms it h absolutely insoluble in water, and almost so in 
acids and alkalies. 

Aluminum Hydroxide AlHgO,, is a gelatinous white mass, easily soluble 
in acids and alkalies. It has a strong affinity for organic matter ; with 
organic colors it forms precipitates called lakes. 

Aluminum Sulfate ^ AXJ^SO^^, is now largely used in dyeing and in other 
operations. It forms a white crystalline mass having an acid reaction. 

Alums,- — The alums are a series of double sulfates. One alum has the 

formula — 

^(SOJs -f KjSO^ 4- 24HjO. 

The aluminum in this compound may be replaced by most of the elements of 
the iron group. The potassium may be replaced by any element of its group, 
or by ammonium, giving a series of salts of which the following are 
examples : — 

Al2(S04)8, K2SO4, 24H2O Potassium alum. 

Cr2(S04)3, Na2S04, 24H2O Sodiumchromic alum. 

Fe2(S04)3, (NH4)2S04, 24H2O Ammoniuraferric alum. 

These compounds all contain the same amount of water of crystallization 
and all crystallize in octahedra. Bodies giving rise to compounds similar 
both in composition and in crystalline form are called isomorphous. 

Common Alum is either potassr^m altAli, or ammonium alum. It dissolves 
easily in water, the soliition being dcid to test paper Und strongly astriligent 

When alum crystals are gently heated they swell up, lose their water of 
crystallization, and fall to a soft white powder — ^bumt alum. 

Aluminum Chlorid, AICI3, is prepared by heating alumina and charcoal in 
a current of chlorin \ — 

AI2O3 + 3C + 6C1 = 3CO + 2AICI,. 

Glass y Pottery, and Porcelain. — These are mostly mixtures of aluminum, 
calcium, and sodium silicates. Colored glasses are produced by the use of 
various ox ids. 

Pottery and earthenware are made of clay, glazed with a fusible sodium 
silicate. Lead silicate is also used. Porcelain is a mixture of feldspar 
(aluminum and potassium silicate), sand, and kaolin, a hydrated aluminum 
silicate. 

IRON. 
Iron, Pe, 56, occurs as oxid, sulfid, and carbonate ; its compounds occur 
/a ^afflJ qaatHiti€9 in many rocks and soils *, it is taken up by plants ; and i? 
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an essential constituent of the blood of the higher animals. It sometimes 
occurs native, especially in meteoric stones. A fine grade, Quevenne's iron, 
for use in medicine, is made by the action of hydrogen on the sesquioxid. 
On the large scale, iron ore, which generally consists of an oxid or carbonate 
mixed with clay, sand, and other minerals, is heated in blast-furnaces with 
coal and limestone. The limestone makes a fusible calcium silicate, j/ir^; 
the coal takes the oxygen away from the iron. The melted mass is then run 
out into thick bars, forming /j^ or cast iron^ containing four or more per cent, 
of carbon, also phosphorus, sulfur, silicon, and other bodies. 

Wrought iron contains but little carbon ; steel contains about one per cent, 
of carbon ; it is, therefore, intermediate in composition. When pure, iron is 
very soft, but as found in commerce it has various impurities which give special 
qualities ; carbon gives hardness and fusibility ; phosphorus and sulfur give 
fusibility and great brittleness, and are objectionable. Cast iron melts at about 
3000® F. (1649® C). Iron is strongly magnetic and not much affected by dry 
air, but is oxidized by moist air and easily dissolved by acids. It forms two 
series of %2X\Sr-r-ferrouSy in which it is a dyad, ^vA ferric ^ in which it is appar- 
ently a triad, but the formulae of the ferric compounds are often doubled 
and the iron regarded as a double atom : — 

Dyad Iron. Hexad Iron. 

— Fe— =Fe— Fe= 

Ferrous salts are generally green ; ferric salts brown or red. 

Ferrous salts are converted into ferric by oxidizing agents. As the ferric 
salts are written with double formulae, the reaction will always require two 
molecules of ferrous for one of ferric ; thus : — 

2FeO -f O = FejOj. 
2FeC08 + O = FcaOj + 2CO,. 

To make a normal ferric salt we must add one-half as much of the negative 
element as the ferrous salt already contains ; that is, one molecule of the radicle 
for every two molecules of the ferrous salt. In making ferric chlorid, the 
complete reaction is — 

6FeClj + 6Ha + 2HN0j = eFeClg + 4H2O + 2NO. 

Ferrous salts are formed from ferric by the action of reducing agents, espe- 
cially powdered zinc, nascent hydrogen, or sulfurous acid. With ferric chlorid 
and zinc the reaction is — 

2FeCl8 + Zn = 2FeCl^ \ ZnClj. 
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Hydrogen sulfid will also reduce ferric saSts :— 

2FeCl, -f HjS = 2FeCl, -f 2HCI + S. 

Ferrous Hydroxid. — Ferrous bydroxid, FeHjO,, is ibrmed as a |»secipitiate 
by the action of alkaline hydroxids npon a ferrous salt. It immediately begins 
to change by absorbing oxygen, and becomes ferric oxid. 

Ferric Oxid, FcjO,, Red Oxid, Sesfuioxid, occurs freqtiently in snmll 
amounts in many minerals, and abo as iron ore, cidled red hematite or spiecular 
iron. It may be prepared artificially by heating ferrous sulfate (2FeS04 = 
2Fe20, -J- SO2 -\- SO,), and is the residue obtained in making Nordhausen 
sulfuric acid. It is a soft, red powder, difficult to dissolve in acids. T\kt 
finer grades constitute rouge ; the coarser, Venetian red and crocus, aft used 
for paints. 

Ferric Hydroxid, FcgHgOg, is easily fotmd by adding an alkaline hydroxid to 
a ferric salt * 

2FeCl8 + 6KH0 = 6KC1 + 2FeH,05. 

Ferric hydroxid is a soft, brown mass, insoluble in water, but dissolving 
easily in acid. Its chief importance is as an antidote to arsenious oxid, for which 
use it must be freshly prepared. Ordinary iron rust consists of impure ferric 
hydroxid, which also occurs in an impure condition as brown hematite. 

Magnetic Iron Oxid, FeO,Fe20g, a union of the two oxids, is found as a 
finely crystallized mineral and valuable ore of iron. It can retain magnetism, 
and is occasionally found in a magnetized condition, constituting loadstone. 

Ferrous Sulfid, FeS, made by fusing iron with sulfur, is a dark, slag-like 
mass, used as a source of hydrogen sulfid. 

Iron Disulfid, FeSj, Iron Pyrites, is abundant as a mineral, crystallized in 
brass-colored cubes often mistaken for gold, and hence called fool's gold. It 
is of no use as an iron ore, on account of the sulfur, but is used as a source 
of sulfuric acid. 

Ferrous Carbonate is ti valuable iron ore aild exists in matiy (chalybeate) 
waters. It is produced by mixing ferrous sulfate with sodium carbonate : — 

FeSO^ -f Na^COs = FeCO, -f Na^SO^. 

In this form, however, and also as distolved in water, it is prone to oxida^ 
tion, passing into the condition of ferric hydroxid, which forms a red deposit. 
This oxidation is hindered by sugar. Ferrous carbonate is prepared for medi- 
.cal use by precipitating it in contact with sugar, constituting Vallet's mass. 
The carbonate occurring naturally in the crystallized form is permanent in 
the air. 
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Ferrous SU^ate, FeSO^, Grem VHri^lt Operas ^ is fcWnaed by dindliring 
iron in sulfuric acid or bf oxidizing ircm pyrites. It forms clear green crystals 
containing FeSO^jyHjO, easily soluble in water, the solution being liable to 
oxidation. 

Ferric Sulfate.— kn oxystdfite {J^^2{^^i)pi called AfOnsers Salt, or 
when dissolved Monsel ' j Solution^ is used as a styptic. 

Ferric Chloridy FeCl^ is generally seen as an alcoholic solution, some- 
times called muriated tincture of iron. Ferric chlorid is made t^ boiling 
ferrous chlorid with nitric acid and hydrochloric acid : — 

6F*eCl, 4- 6ttCl + 2tiN03 = ePedj + 4H,0 + 2NO. 

When the solution is evaporated a red crystalline mass of FeClj -|- 3H,0 
is formed, which is fre#ly sdtibl^ in watet and akbbtii. 

Ferrous salts are usually green, ferric red or brown. 

The two classes of iMK salts -ean l>e <dsilf flistl n g nirf ied kf^ certaiii tests :-^ 



Ammomum hydroxid, 

Potassium terrocyanid. 
Potassium ferricyanid, 
Tannin, 
Potassium thiocyan- 



With Ferrous Salts, 
Green ferrous hydroxid, 

turning red. 
Light blue precipitate, 
Dark blue precipitate, 
No action, 
No 'action, 



mth Ferric Salts, 
iled ierric hydroxid. 

Dark blue precipitate. 
No precipitate. 
Black precipitate. 
Blood red color, but no 
ijHec^itttte. 



MANGANB^^B. 

Manganese, Mn, 55, exists principally as oxid, also as sulfid, carbonate, 
and silicate. It is grayish-white, brittle, and hard ; specific gravity between 
7 and 8. It forms two series of salts parallel to those of iron. 

Manganous Oxid, MnO, and Hydroxidy MnH^O,, abscM'b oxygen rapidly. 

Manganous Chlorid, MnC^, forms pink crystals, deliquescent and soluble 
in water. 

Manganous SulfcUe, VLv&O^Vifi, is a rose^olored salt, soluble in water, 
and used in dyeing. 

Manganese Dioxid, MnO„ Black Oxid, — ^This is an abundant mineral. It 
is extensively used as an oxidizing agent and in the manufacture of chlorin. 
Ordinarily it is in black masses or powder. It conducts e.k5:&Eva&:| . 
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Manganese Oxidy Mh^O,, is found as a mineral. It is a weak base. 
Manganese Acids. — Manganese furnishes two acids — 

HgMnO^ .... Manganic acid. 
HMnO^ .... Permanganic acid. 

The former has not been obtained, but some of its salts are known. 

Manganates. — ^These are formed by fusing manganese dioxid with caustic 
alkali and potassium nitrate or chlorate. In this way potassium manganate, 
KjMnO^, is formed as a green crystalline mass. When dissolved in water 
the manganates turn into permanganates by the following reaction : — 

SKjMnO^ + 2H,0 = 2KMn04 + MnO, + 4KHp. 

The change of composition is indicated by a change of color from green to 
red. 

Potassium Permanganate ^ KMnO^, is much used as an oxidizing and 
deodorizing agent. The solution is decomposed by organic matters, by sulfites 
and sulfids and reducing agents generally, becoming converted into a color- 
less solution. It can therefore be employed not only to destroy organic 
matter, but also as an approximate measure of the amount present. 



CHROMIUM. 

Chromium, Cr, 52.2, occurs principally as an oxid in combination with 
iron oxid, constituting chrome iron ore, FeO,Cr203 ; also as lead chromate, 
PbCrO^. It is a hard crystalline mass, not easily oxidized or dissolved. It 
forms two sets of salts, analogous to those of iron, and also anhydrids. The 
compounds in which it acts as a positive are of very little importance. The 
chromous salts are unstable. Almost all the chromium compounds are highly 
cotbred. 

Chromic Oxid^ Chromium Sesquioxid, Cr^Og, Chrome Green, is a bright 
green powder used as a paint. 

Chromic Anhydridy CrOj, forms bright red crystals, very deliquescent, 
soluble in water, and having powerful oxidizing properties. 

Potassium Chromate, K^CrO^, forms lemon-yellow crystals soluble in 
water. 

Potassium Dichromate, KjCr^O^, commonly known as bichromate, is in 
large, bright red crystals soluble in water. It is extensively used as a source 
of various' colors. It may b^ regarded as a salt of dichromic acid, H^Cr^O^, 
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produced by subtracting one molecule of water from two molecules of chromic 

acid i"~~ 

2HjCr04 — HjO = HjCrjO,. ' 

' Lead Chromate^ Chrome l^/^feze^, PbCrO^ easily formed by adding a Soluble 
chromate to a lead compound : — 

Pb(N03), + KjCrO^ = PbCrO^ + 2KNO,. 

'\ is bright yellow and insoluble in water. Conmiercial chrome yellow often 
(Contains white lead and chalk. 

. A mixture of potassium di^hromate and sulfuric acidis used as an oxidizing 
agent in galvanic batteries. The chromic acid becomes reduced and forms 
chromic sulfate ; the liquid turns green, and afterward- deposits daik ruby-red 
crystals of chronie-alum :— 

• KjSO^ + Cr,(S0j3 + 24H,0. 

Chromates are recognized by their color and the yellow precipitate of lead 
chromate formed when mixed with lead salts. 



NICKEL. 

Nickel, Ni, 59, occurs principally in union with arsenic and ^ulfur ; also in 
meteoric iroa as an alloy. . It is hard and white, of specific gravity &8, fusing 
at a high temperature and resisting the action of air at common .temperatures. 
Like iron, it can acquire permanent magnetism. Solutions ojf nickel com- 
pounds can be decomposed by an electric current, and nickel-plating is per- 
formed in this way. An. alloy of copper, zinc, and nickel is called German 
silver. 

Nickel Monoxide NiO, and Hydroxide NiHjOj, are green and form green 
salts. 

Nickel Sesquioxidy Ni^O,, is also known, but does not appear to form salts. 

' Nickel Sulfate J ^\SO^y\% the most important salt. It usually crystallizes 
with 7 molecules of water. 

Cobalt, Co, 59, is found associated with nickel, which it'dosely resembles 
in properties and chemical relations. Its compounds are mostly red or blue. 
The element • itself is hard, white, magnetic, and difficult to fuse; specific 
gravity, 8.7. .The oxids, sulfates, carbonates, etc;, resemble- in composition ' 
those of nickel. 
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Nttrsgea Gktmp-. — This ineltid)es boron, nitrogen, pbospliorus, arsenmn, 
antimony, bismuth, and gold, the first aod last dejnents being not quite so 
marked in their relationship to the others. The members of the group are 
triads and peptad^, $Qmetii9ii§ ^ppaii^^y mpn.ad& Their o»ds are either 
mostly acid anhydrids or in a few cases feeble ba^es* The group includes 
some of the most powerful mineral poisons known. 

Many of the " ous " compouads of thi3 gFOiip may be formulated so as to 

represent the elements as saturated pentads. Thus aitrous acid may be written : 

▼ II 
H(N02), ^^^^ ^^ hydrogen directly united to nitvog.ei^« Tbi$ conversion into 

V n 

nitoc add coosasta in the ionxkaUxoaoi faydnox^ thus: H0(N02). Phospfao- 

H 
nous aci4 i»ayb<8^writtep : (|IO),TO„op# H mi bping in the hydroTtyl condi- 
tion. Arsenous acid may also be so explained. The aJaiove suggestions agree 
very well with many of the reactions of the nitrites, phosphites, and arsenites. 



BORON, 

Boron, B, ii, is found in the form of Boric Acid, HgBO,, in steam Jets in 
volcanic regions, and also as deposits of sodium or calcium borate. It has 
been obtained as a dark green powder, aqd in a crystalline form, resembling 
the diamond in hardness. Boron is a triad, and bears some resemblance in 
chemical functions to both carbon and aluminum. 

Boric Acidy HjBOj, Boracic Acid. — This exists in the steam discharged in 
some volcanic regions, and sopie of its salts occur as minerals. It forms 
pearly scales of a bitter taste, soluble in water and alcohol and feebly acid. 
Heated to 248® F. (120® C), it forms metaboric acid, FTBOg, and op still 
furtlier heating it is converted into boric anhydrid, B^Oj, which fuses to a 
clear glass. Its salts are called borates. Boric acid is an antiseptic. Seve- 
ral prepm^ons of boiic acid 01? of borates are now in the market as food pre- 
servatives. A mixture of boric acid and borax was at one time sold under the 
name- of rex magnm,. Sueh prepaiatioiis aie esp^ially used for preserving 
mUk. A cpmpowid prepi^risd 1^ tb# ippop^p^atipn pf boric acid with glycerol, 
known as boro-glycerid, is also employed as a preservatiire. 

Boric acid has a feeble action on litmus, and turns turmeric paper to a brown- 
r^d color. It imparts, s^ bright green color tP fl^ine. 

Bora^, Na^B^O^j^ sonietimes called sodium biborate, isthemost familiar com- 
pou&4 Qf boron, and m^y be regarded as sodium tetraborate. Tetraboric a^id 
is nai known in the free state, but can be theoretically derived by subtracting 
one molecule of water from four molecules of metaboric acid : — 

4HBOj — HjO = HjBp,. 
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Borax has tl^e ^wer to take up o^ids and ne-fona metaborates, aiid, as the 
compounds are fusible at moderate heat, borax is frequently used in metallur- 
gical operations (e,g.y soldering) to clean off the surfaces of metals, which it 
does by dissolving the oxids. 



NITROGEN. 

Nilfogf a, N, X4, constkutes about (bur-fifths of ur, and occurs in many 
animal and vegetable tissues ; also as sodiiun and potassium nitrates. 

It is a gas without color, taste, or smell. It does not bum or support com- 
bustion, and is not poisonous, but will not support life. At high temperature, 
and under the influence of electric discharges, it will enter into combination 
with oxygen, boron, silicon, carbon, hydrogen, and magnesium. It is a little 
lighter than air ; a litre weighs X.25 grms. It can be liquefied by intense 
cold and pressure. There is probably an allotropic form. 

Nitrogen is generally a pentad ; sometimes it acts as a triad, or even as a 
monad. It is aa essential ingredient of all the higher tissues of animals, and 
exists also in vegetable structures, but not so abundantly. Most of the pow- 
erful explosives now in use — gun-cotton and nitroglycerol, for instance — owe 
their qualities largely to the nitrogen present. 

Air. — ^The atmosphere is an intimate mixture of about four volumes of 
nitrc^en with one volume of oxygen. It surrounds the earth to the height of 
many miles. Air is dissolved by water, but the nitrogen and oxygen are in 
proportion different from (hat in ordinary air. The composition is not 
absolutely constant nor in exact atomic proportions, either by weight or 
volume. 

That the composition of air varies so little is due to the fact that all gases 
mingle with one another, so that sooner or later they produce a uniform mix- 
ture in spite of the influence of gravity. The rate of mixture depends on the 
density of the gas. 

Ordinary air contains small quantities of other substances besides nitrogen 
and oxygen. It always contains water, carbonic acid, and amin ; frequently 
compounds of nitrogen andox^^en, and also ozone. Besides these we have 
dust and the products of animal and vegetable decomposition. The study of 
impurities of air has received much attention of late years, especially in view 
of the fact that many diseases are due to living organisms, or germs which are 
conveyed in the air. 
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The following may be taken as a fair average of composition :— 

Oxygen, 20.61 

Nitrogen, .... 77.95 
Carbon dioxid, . . .03 
Water, 1.40 

Traces of amin, nitric acid, and methane (CH^), and in towns, sulfur com- 
pounds. 

loo cubic inches o( air weigh 30.93 grailis; i litre weighs 1.29 grammes; 
13 cubic feet weigh about i lb. At the level of the sea the pressure is, ordi- 
narily, about 15 lbs., and will sustain a column of mercury 760 millimetres, 
or 30 inches, in height. Water in its natural condition always contains some 
air in solution. 

The capacity of air for holding moisture increases rapidly as the temperature 
rises. The dryness or dampness of the atmosphiere is not due to the actual 
quantity of moisture in it, but to the amount present in proportion to that 
which the air can take up. The nearness of air to saturation is called the 
relative humidity. Air saturated with water has a relative humidity of 100 ; if 
half saturated, the relative humidity is 50, and so on. When the temperature 
falls the moisture separates to a greater or less extent, and produceis fog, rain, 
or dew, and if the temperature gets below the freezing point, snow or frost. 

.The respiration .of animals and the processes of combination and decay 
are continually changing the air, by removing oxygen and introducing water, 
carbonic acid, organic matter, ammonia, and hydrogen sulfid; The dust which 
is always floating in the air contains substances living and dead, and varies 
with the locality. The continued removal of oxygen, is counterbalanced by 
the action of plants, which, under the influence of light, decompose the car- 
bonic acid,, retaining the carbon and giving off" the oxygen, espe9ially at the 
under surface of the leaves. Plants also absorb oxygen and excrete carbon 
dioxid continuously ; this process not depending on light. The nitrogen of 
the atmosphere is very little affected in these actions. The amin and other 
gases are gradually oxidized or absorbed by the soil and plants and washed 
out by the rains. The organic matter is also oxidized. 

AmiUy NHj, Ammonia Gas, Ammonia. — Amin is given off" in the decom^ 
position of organic matter, especially animal remains, and was originally 
derived from refuse of this kind. It is also produced by-the action of hydro- 
gen on nitric acid. The great source at the present time is the water which 
has been used for washing the common illuminating gas. Amiii may be ob- 
tained by heating a mixture of ammonium chlorid (NH^Cl) and lime : — 

2NH4CI -f CaO = 2NH3 + HjO + CaCl,. 
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By passing the gas over dry lime the water is absorbed and the pure NH3 is 
collected. 

Amin is a colorless gas of a pungent odor. It is absorbed in large amounts 
by water, one pint absorbing 7cx) pints of gas and increasing fifty per cent, in 
volume. This solution exhibits most of the properties of the gas, and is 
much used under the name of aqua ammonuB or solution of ammonia. 

Amin is lighter than air. I litre weighs 0.76 grm. At a temperature of 

—40° F. ( — ^40° C), or under a pressure of icx) lbs. to the square inch, it 

condenses to a colorless liquid.* This liquid, of course, evaporates rapidly when 

the pressure is removed, and produces great cold, which fact has been made 

use of in machines for making ice. 

The solution of amin in water has strongly alkaline and basic powers, 
much like those of potassium and sodium hydroxids. It has -received the 
name of volatile alkali, to indicate this, the others being called fixed alkahes. 
The compounds produced by it may be considered as formed in the same 
manner as those of potassium and sodium, these elements being represented 
by the radicle, NH^. In this way NH, -|- ^^^ would produce NH^Cl ; 
NHg -\- HjO would produce NH^HO. NH^ is a radicle called ammonium ; 
its valency is one ; it combines with one atom of chlorin and can replace the 
hydrogen of acids. 

The following formulse show the comparison between the ^alts of potassium 
and those of Ammonium : — 

KGl . . ; Potassium 'chlorid. • 

NH^CI Ammonium chlorid; 

KgSO^ • • • Potassium sulfate. 

(NHJ2SO4 . . . . ., Ammonium sulfate. 

KNO3 Potassium nitrate. 

NH^NOg Ammonium nitrate. 

KHO Potassium hydroxid. 

NH^HO Ammonium hydroxid. 

Ammonium, NH^, has hot been obtained in the free state. 

Ammonium Hydroxid, NH^HO, the result of the solution of amin in 
water, is a colorless liquid, corrosive, poisonous, powerfully alkaline, and 
pungent. 

Ammonium Carbonate, (NH J2CO3, is not generally seen. The body sold 
as ammonium carbonate is a mixture of acid ammonium carbonate with am- 
monium amido-carbonate (see under amido-compounds), therefore, NH^HCOj 
-|- NH4 (NHjCOj). It is 6ften called sesquicarhonal-t, est 'sass?C^>cM|^-'a5iSw, 
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It la a iviufef bod^, solafale in vatev, and amdliiig straM^jf of aaun. B^ 
exposure to air it is converted into acid carbonate, NH^HCOg. 

Ammonium NUrtOe^ NH^NOg, is a white sc^d, very soluble in water. Its 
chief use is for making nitrous oxid. 

Ammonium Sulfate^ (NHJjSO^ is used as a fertilizer and in the manufac- 
ture of alum. 

Ammonium Chloruiy Sal Ammoniac, NH^Cl, is a white solid, crystallizing 
in cubes, and is very soluble in ^ater. It has n|any uses. 

Ammtmium Bromid^ NH^^r, Anmouit^ Iodide NH J, are used iii photo- 
graphy and medicine. 

If d|7 axxwiopi^m coippouDds l)e hea^jed with lime, amin is qjiickly evolved, 
and m^y l^ recognized by it3 o4or» alks^ine reaction, i^d the white cloud of 
NH4CI prodifped by hydrochloric aci4. The mpst delicate test for ammonium 
is Ness^er^s seagient, a splutipo ip^e by mixing HgCly I^I, ai^jd KHO or 
NaHO. This produces, with y«ry minute quantities of ammoniiun, a yellow 
color. Oi^ part ip fifty n|iilion parts of water can be recognized. 

Nitrogen Oxids. — Hve compounds of nitn^n and oxygen have l)een 
obtaiaed: — 

Nj|0 .,,•... Nitrous oxid, laug]^ing gas. 

NO , , Nitric oxid (often written NjO,). 

NjOg Nitrous anhydrid. 

NO, .,.♦,,. ]^i^Qgen dioxid (often written NjO^). 
NjOg ..,,.. Nit^ anhydrid. 

The names of the^ compounds are confused. Thu^, NO is often written 
N^O,, and called nitrpg<^ dioxid. NO, is written NjO^, »ad called nitrogen 
tetroxide. 

Nitric Acidy Aguq fprHs^ HNOj, is made by the action of strong sulfuric 
acid upon nitratjes. Tl^ reaction '^rith sodium nitrate is — 

23JJi^O, -f HjSO* = Na^O* + 2HN0f 

Nitric acid thus obtained has the composition HNO| ; when quite pure it is 
coloriess. The commercial acid has the composition of 2H2O -|- HNO3. It 
is a strongly acid liquid, highly corrosive and poisonous and of high oxidizing 
power. One-half the oxygen of the acid is available. The effect is in most 
cases represented thus : — 

2HNO3 deeomposes into 11,0 + 2NO + O,. 
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Tilt Og is the »f ailable ox3Fgea. With seme bodies die acid acts simply by 
exehaaging its hydrogen. Tkns : — 

Zn + 2HNO3 = Zn(N08)a + H,. 

The e¥ohFed hydrogen, however, attacks imother potion of nitric acid and 
forms ammoniimi nitrate. 

If basic oxids are formed by the oxidizing action of nitric acid, they will 
unite with another portion of the acid to fonn nitrates. la the case of cop- 
per, the following reactio9S take place :^> 

Oxidation of tiie copper occurs first — 

Cu, + 2HNO3 = sCuO + nfi + 2NO. 
The CuO then acts upcm other nitric acid — 

2CuO + 6HN08 = 3Cu(N03)j + 3H,0. 
The cpmpletfl reaction is, therefore — 

SCa + 8HNO5 = 3Cu<N08)a + 4HjP + 2Na 
Tin gives the following : — 

Sn, + 4HNO8 = 3SbO, + aH»0 + 4NO. 

SnO, is not basic, and therefore does not form a nitrate, as copper oxid 
would. Instead of this, the tin dioxid takes water and forms an acid. Many 
organic bodies are oxidized by n^tiic aci4> 

Another action gf nitric acid is in farming substitution con^pounds. When 
benzene, C^fl^, is treated with strong nitric acid, one atom of hydrogen is 
received and one molecule of NO, put in its place. We have — 

C^ + HNO, = C,H5(N0,) + H,0, 

and the body so formed is called Nitrobenzene. 

A mixture of nitric and sulfuric acids is often used for such effects. 

Very strong nitric acid fails to act upon some substances which are readily 
attacked by the more dilute forms. 

The strong acid produces yellow stains on organic matter. 

Nitric acid colors morphin red ; copper is dissolved by it, with the produc- 
tion of red fumes of NO,,. 

Nitrous Oxidt N,0, laughing gas^ sometimes called nitrogen monoxidy is 
obtained from ammooium nitrate, which, when carefully heated, decomposes 
completely into nitrous oxid and water : — 

NH^NO, = NO4 + 2H^0, 
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It is a colorless, odorless gas, with a soi^ewhat sweetish taste. When the ' 
gas is inhaled freely, a short insensibility is produced. It supports combus- . 
tion. At a pressure of fifty atmospheres it becomes a colorless liquid, and is 
now sold in this form compressed in strong metal Cylinders. Nitrous oxid 
may be regarded as the anhydrid of h3rponitrous acid, HNO, severi^I derive-: 
tives of which have been described. 

Nitric Oxidy NO, often called nitrogen dioxid and written NjOg, is a fre- 
quent product of the action of nitric acid. Thus, with copper we have — ■ 

Cu, -fSHNO, = 3Cu(N08)a + 4H,0 -f 2NO. 

Some NgO is often produced in this experiment. 

NO is a colorless gas, but when brought in contact with oxygen it instantly 
absorbs one atom, becoming NOg and turning brownish-red. 

Nitrogen Dioxid y NO^, Nitrogen Per oxid. — These names are owing to 
uncertainty in the chemical relations of the body. It has also been called 
nitrogen tetroxid (being written NjO^) and hyponitric acid, and by other less 
common names. The proper name is nitrogen dioxid, to correspond to the 
formula NOj. It is a brownish-red gas, easily condensed to the liquid form 
and readily absorbed by water. 

Nitrous anhydrid, NgOj, and nitric anhydrid, N^Oj,, are unimportant, as 
is also nitrous acid, HNO,. Nitrites are frequently found in river and well . 
water. 

PHOSPHORUS. ' 

Phosphorus, Py 31, occurs principally as calcium phosphate, which exists 
in bones and teeth, and in many minerals. Phosphates also exist in the fluids 
of the animal body. 

Phosphorus is generally prepared from bones, which contain from one-third 
to two-thirds their weight of calcium phosphate. The bones are burned,, and 
from the bone ash the phosphorus is obtained. 

Phosphorus is usually seen in colorless, almost transparent sticks, soft as 
wax ; when kept for some time, especially in the light, it becomes brown - 
ish, opaque, and harder. It is kept under water. It takes fire easily, and 
bums with a bright flame, producing white clouds of phosphoric anhydrid, 
PjOg. Exposed to air at low temperature, it can still undergo a slow combus- 
tion, producing PjOg ; it is then luminous in the dark. It is insoluble in 
water, but dissolves in oils and in carbon disulfid. It is extremely poison- 
ous, death having occurred from less than ^ grain. Phosphorus melts at ' 
111° F. (43° C), and boils at 550° F. (288** C). By keeping it at a tempera- ' 
ture of 450° F. (232° C.) for some hours, in a closed vessel, phosphorus is 
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converted into the amorphous or red phosphorus, an allotropic form, which is 
red, insoluble ia carbon disulfid, difficult to bum, non-poisonous, and shows 
many other minor differences. Its composition is the same. This change is also 
produced by adding a small quantity of iodin to common phosphorus. The 
uses of the element in matches and as a medicinal substance are well known. 

In all- experiments with it great care must be taken, as it is easily inflamed 
and produces one of the most severe forms of bums known. It should be 
handldd with a pair of forceps, and cut or divided only under water. 

Phosphoms acts as a triad or pentad ^ its affinities in the free state are very 
high. It is a powerful reducing agent. In very minute quantity it is detected 
by its luminosity when distilled in a dark room. 

Hydrogen Phosphide PHj, Phosphin. — ^This body is formed under conditions 
analogous to those which produce amin. When a solution of sodium hydroxid 
is boiled with phosphorus, hydrogen phosphid is formed. 

The reaction is — 

3NaHO + sHjO + P4 = aNaH^PO, + PH,. . 

NaHjPOj is sodium hypophosphite. Hydrogen phosphid is a colorless gas 
of a disagreeable odor. As ordinarily made it is spontaneously inflammable, 
but this is due to the presence of a small quantity of the vapor of a liquid 
phosphid, PHj, phosphidogen. If this latter be removed by passing the fresh 
gas through a tube placed in a freezing apparatus, the power of spontaneously 
inflaming is lost. 

- Hydrogen phosphid forms many compounds analogous to those formed by 
amin. 

Compounds of Phosphorus with Oxygen. — Only two compounds are defi- 
nitely known. These are : — 

Pgdj ..... Phosphorous anhydrid or phosphorous oxid. 
P2O5 .... Phosphoric anhydrid or phosphoric oxid. 

Phosphorous Anhydrid, ^j^z* ^^ produced by the slow oxidation of phos- 
phoms. 

Phosphoric Anhydrid, P2O5. — This is easily produced by burning phos- 
p^rds in' the air. It is a snow-like solid, which rapidly absorbs water. It is 
Capable of uniting with water in at least three proportions, forming different 
bodies. The combination is shown in the following equations : — 

PjOg -|- HjO = 2HPO8 .... Metaphosphoric acid. 
PjOj 4" 2H2O = H^PjO^ .... Pyropnosphoric 






»J 
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The third acid is the one that jriekls all the commmi fjhos{ybates. 

Metaphosphoric acid is distinguished by the power of toagulatiftg albutnin 
Ahhougk the three phosphoric acids differ in oxygen, the telmiinatioh " ic 
is not changed. This is because thej are all fctrmed from the same anhydrid ; 
the difference in oxygen is due to the amount of water, and all contain pentad 
phosphorus. The number bf salts formed by each acid is iti proportion to the 
number of molecules of water which it has taken otp. 

Metaphosphoric acid, produced by adding one moledole of water, gives one 
series of salts : — 

NaPOj So<lium metaplio^hate. 

Ca(POs), Calcium " 

Pjrrophosphoric acid, produced by adding tvfo molecules of water, %vte&fwo 
series of salts, acid and normal : — 

Na^H^PjOf Acid sodium pyrophosphate. 

Na^PjOy Sodium « 

Orthophosphoric acid, produced by addmg three molectdes ctf WHter , gives 
three series of salts, di-acid, acid, and normal : — 

NaHjPO^ Di-ttdd sodiuin orthophosphate. 

NajHPO^ Acid " " 

NajFO^ Sodium oithophosphate. 

Sodium, potassium, and ammonium phosphates are mostly soluble in water. 
Almost all others are insoluble in water, but soluble in acids. 

Silver nitrate produces with orthophosphates a yellow precipitate soluble in 
ammonium hydroxid. A solution of ammonium molybdate in nitric acid gives 
a bright yellow precipitate. This is a very delicate test. 

Two phosphorus chlorids are known, PGl^and PCI5. 



ARSENUM. 

Arsenum, As, 75, occurs in the free state and as sulfid, also in combina- 
tion, especially with nickel, cobalt, and iron. It is rather abundant, and ex- 
ists in small amounts in many minerals. It is often called arsenic, but 
arsenum is a preferable name. 

It is prepared by deoxidizing arsenous anhydrid by charcoal : — 

AsjQ, + q, = As, 4- 3CO. 
When freshly prepared it is a steel-gra)r, brittle mass with a decided lustre. 
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It tarmslies somewhat In the air, and pasdes mte viqier M abbot 356^ F. 
(180° C.) without fusing. Heated in contact A^ith air, it oxidises to arsen- 
ous anhydrid, and develops a garlicky odor. It is not c^ssdhred by my 
simple solvent. 

. Arsin, AsH,, Hydrogen Arsenid, — This body is analogous to amin ; its 
formation is a delicate test for arsenic. The usual method of preparatieni is 
to liberate hydrogen in a solution of arsenous anhydrid. H b a ecmibostible 
gas of disagreeable odor and very poisonous. 

Campvunds if Arsenum with Oxygen .•— ^ 



As,0, Arsenous oxid or arsenons anl^drid. 

AsjOg Arsenic 



(( « u 



Arsenous Anhydrid ^ AsjOj, Arsenous Vxidy White Arsenic. — ^This sub- 
^ance is often called arsenic. It presents itself in commerce in two varie- 
!ties : (a) The vitreous form, transparent and colorless at first, but afterward 
becoming yellowish and por^lfiin like ; {V) A pnlveittlerit fetm, which is dk- 
'tinctly ctystalline. 

Arsenous oxid is a white solid, odofles^ Imd tasteless, dissolving with diffi- 
culty and only in small amounts in <^ld water ; the solution is feebly acid, 
and is supposed to contain arsenous aCid, H3ASO3. Hot water is It mol% 
attive solvent. A flntdounce Of cold water ^11 dissolve about onfe grain, and 
the same amount of water if kept for one hour at the 'b6iling-point ^ill take 
-up at least twelve grains. In acid and dkttline sdutidn's it dissolves much 
more readily. Heated to 380° F. (190° C), the solid passes into vapOr with- 
out fusing, and if allowed to condlense produces brilliant, transparent crystals. 
It is intensely poisonous in all its forms, a few grains being a fatal dose. 
Arsenous oxid is used in medicine, also in the manufacture of colors, and for 
many other purposes. Its frequent occurrence and poisonous qualities have 
made its properties and tests of great importance. The ibllowing is a brief 
summary of the methods used : — 

1. Reduction Test. — A small quantity of powdered arsenous oxid is mixed 
with some dried potassium ferrocyanid and heated in a narrow glass tube. 
Arsenum is set free, rises in vapor, and condenses on a cooler portion of the 
tube, as a dark steel-gray but rather lustrous layer, called the arsenical 
mirror. If this deposit be heated, it may be driven further along the tube, 
and will finally oxidize and produce the garlicky odor. 

2. Sublimation Test. — Arsenous oxid heated alone patees quickly into vapor, 
and by allowing this vapor to condense upon a slightly warmed part of the 
tube fine crystals are formed. Under the n^cicyaco^^^c^vsft ^5r|^^3biw\»^s^'%R«*- 
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to be octahednd ; that is, consist of eight triangular faces, though they are 
rarely completely formed. Very minute quantities of arsenic can be recog- 
nized by this test. 

3. Reinsch's Test. — This is the most valuable test, because it can be applied 
to impure mixtures, as the contents of a stomach. A small quantity of water 
is put into a wide test-tube or porcelain basin ; some hydrochloric acid is 
added ; a piece of clean copper is put in and the water brought to boiling. A 
few drops of the suspected solution are now added, and if an arsenum com- 
pound be present a dull, steel-colored deposit of copper arsenid will soon form 
on the copper. When this deposit has become rather dense, the copper is 
taken out, dried with filter paper, rolled up into stnall bulk, and placed in 
the end of a small glass tube. Heat being applied, the deposit is oxidized and 
volatilized, forming octahedral crystals of arsenous oxid. 

4. Marshes Test. — This depends on the power of nascent hydrogen to form 
arsin, AsHj. The hydrogen is obtained either by the action of sulfuric acid 
upon zinc or magnesium, of sodium amalgam on water, or by a current of 
electricity. Arsin is combustible. If a cold porcelain plate be held in the 
flame, a soot of arsenum will be deposited as a brown, shining stain. If the 
tube which is conducting the current be heated, the gas will be decomposed 
and a similar stain formed within the tube. The stains may be identified by 
the fact that they are : {a) easily volatile ; {b) soluble in a solution of bleach- 
ing powder ; (c) capable of producing octahedral crystals of arsenous oxid. 

Three tests, known as the liquid tests, are applicable only to pure solutions 
of arsenous oxid. They are — 

1. Hydrogen sulfid produces a lemon-yellow precipitate of arsenous sulfid, 
ASjOj :— 

AS2O3 4- sHjS = AsjS, + 3H,0. 

A few drops of hydrochloric acid facilitate the action. 

2. Silver nitrate made feebly alkaline by ammonium hydroxid gives a 
yellow precipitate of silver arsenite. 

3. Copper sulfate, made feebly alkaline, gives a green precipitate of copper 
arsenite. 

Arsenic Oxidf AsgOj. — This is produced by oxidizing arsenous oxid with 
nitric acid. It forms with water arsenic acid, H3ASO4, which is used as an 
oxidizing agent in the manufacture of anilin colors. This use has been sup- 
posed to account for the cases of skin irritation which have been occasionally 
observed to follow the wearing of goods dyed with these colors, but it is 
doubtful if any of the poison ordinarily remains in the manufactured fabric. 



§ 
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Arsenic acid forms salts called arsenates. Three forms of arsenic acid are 
known, corresponding to the three forms of phosphoric acid. 
Compounds of Arsenum and Sulfur. — Three of these are known : — 

AsS .... Arsenum monosulfid, realgar, 
AsjS, . . . Arsenous sulfid, orpitnent. 
AsjSj \ . . Arsenic " 

Realgar is a brick-:red solid, easy volatile. It may be considered as analo- 
gous to NO. It is often written as AsjS^. 

Orpimenty King's yellow^ is found as a mineral and is easily produced 
artificially by the action of hydrogen sulfid upon arsenous compounds. 

It is a bright yellow solid, fusible and volatile, soluble in alkalies, but insolu- 
ble in water and dilute acids. It is often obtained in the process of testing 
for arsenic, and in the arts is used as a pigment. 

Arsenum forms chlorids, bromids, and iodids, but they need not be described. 



ANTIMONY. 

Antimony, Sb, 122, occurs sometimes in the free state, but generally as 
sulfid, SbjiSg. It is also called Stibium. 

Antimony is bluish-white, brittle, generally highly crystalline and of bril- 
liant lustre. It fuses at 842° F. (450'^ C), and volatilizes at a red heat. On 
cooling from the melted condition it expands somewhat, and some of its alloys 
retain this property, for which reason it is used in type metal and other alloys 
which must take sharp casts. Like arsenum, it is not soluble in any simple 
sol^nt. 

iVe chemical relations of antimony are much like those of arsenum, phos- 
phorus,, and nitrogen. It forms an oxid which is slightly basic. 

Antimony is (flHected by tests similar to those of arsenum. The distinctive 
differences are : — 

1. The sublimate of free antimony cannot be obtained by the reduction 
test unless a very high temperature be used. 

2. Antimonous oxid cannot be volatilized except by a high heat, and does 
not usually form octahedral crystals, but these have been obtained under 
certain conditions. 

3. The copper slip in Reinsch's test becomes covered with a bluish or 
violet deposit, which gives a sublimate only with great difficulty. 

4. In Marsh's test a much darker spot is obtained; it is volatilized with 
difficulty, and not dissolved by a solutioxv ol\>\^«iOcLva.^^"^^«.. 

6 
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5. The liquid teUs-gnermy-iesx^^.w^^ mth hyv^regfn iolMy ^vt^ich ypro' 
duces an <^<iM^^-nie/ precipitate. 

Sit-in, Hydr^en ^^f^!»w0»i^/SbH,, veMmUes^the ceneapofidiBg anenic 
compound, and is produced under similar conditions. It has not been obtained 
pure. 

Compounds of Antimony with Oxygen* — ^Tlj$§e:are : — 

Sb^Og Antimonous oxid, or anhydrid. 

St^Og Antimonic ^* " 

An intermediate oxid,:Sh,04^,p|x>hably a mii^iirepf IheoO^twp.islpiown. 

Antimon&us Oxid, ^SSbfi^, — ^ThiS'is . Ibnodjis .a; ounctild^aAd. is • also teKdily 
prepaied by burning -^mtimosy. in the^air. It; is like ^As^Og in maoy- pf its 
chemical ^relatiiepsy but.b insoluble < in water, kssyQladlie,^aad<shows -some 
power of combining with acids to form aaks. When bcnkd -mth; a solution 
«f oreamrof tartar (acid potassium tartrate} antimflnQUSroaid^kaes oneiatem of 
oxygen, and dissolves, forming tartar emetic ^ potassium antimonyl tartrate. 
This compound is the most familiar preparation of antimony, as it dissolves 
in water without decomposition. The reaction in its production is : — 

2KHC^H^0a 4- SbjO, == 2K(SbO)C4H40e + HjO- 

The SbO replaces the hydrogen. 
Boron or arsenum-may take the: place of aptimouy in this compQUQd. 

Antimonic Oxidj Sb^Og, fomiis two acids oorre^XNidiiig to the meta- and 
pjrrophosphoric acids: HSbOg, metantimonic, 'aiid H^Sb^Of, •p3nantimonic 
acid. Pyrantimonic acid is remarkable for ferming- a sodium compound in- 
soluble in water. 

Antimony forms compounds with chlorin, bromin and iodin analogous to 
those of phosphorus and arsenic. Theyfl«&iiiostlydec<»nposed when-jnixed 
with large quantities of water, yielding at fixst an injure, finally .a pure, 
oxid. With antimonous chlorid we haute — 

SSbClj + 3H,0 = SbClsSbp, + 6HC1. 

The oxychlorid, SbClgSbjO,, becomes J^aally - inverted .|ntp :pure anti- 
monous oxid. 

Antimony Suifids. — ^Two are known >— 

^bjSg Antimonous sulfid. 

Sb^Sg Antimonic sulfid. 

Antimonous Sulfid is the ^ncipal ore of . antisKmy. It is found asi a ^hin- 
'^^' S^'^y* cjystalliae : mass, fusible and easily oxidized by heating iart^e-#f« 
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gen sulfid : — 

SbjS, + 6HC1 = 2SbCl, + 3Hj,S. 

On the other hand, a current of ^ydrQgen sulfid passed into antimony solu- 
tions produces the antimonous sulfid as an orange-red precipitate, which bj 

AnHmonic 'Sa^ii'h -an* orange^yeUo^v^'bikiy. 

The chemical relations of antimony are well shown in its sulfids. ^'BMb^ 
them actras anhydrMsj-^nd^formra^ series lif-^stits. 

K-SbS, .iJPotassuun .sulfaatijiiomte 

.is fttitetiy::ooaipsmbb to 

KKO, tPotsssimi'fiittite. 

AntimoMc stLlfid^fonns salts upon the pattern bf the ofi ih of) h o9^ h ates. 

N^Sbi§4 Sodium suKfmtimonate 

.is-aDalogous.to 

:I>Ia^F04 ........ . . . . , 



Sodium sulfanjtimonate has been used in photogra^y under the name df 
. SchUfpe's salt, 

B18MUTH. 
"^ianra^, '3i, ^stf8, ifl - comM w^ fevmd ntttm ; 4ilao •»«nd4iiiid':«iliid. 
It is hard, brittle, reddish- white, and distinctly crystalline. tItifiMts;at^e7°. 
F. (264° C), expanding idkggi AttJ^MJ^^. Jit\\s not much affected by the 
air. Nitric acid dissolves it. 

Bismuth Sesquioxidy Bi^O„fUie>*oilly^importaat oxid, is obtained as a yel- 
lowish powder by burning bismulh'(in^the''air-<«r^by heating the carbonate or 
nitrate. It acts as a base. 

*Bismiah 'NUraUy 'BifN'Oi)3, made' by^iss6lTing'bisniulh m nitric add, is a 
s6luble, white, crystalline mass. ' When -ifdddd - to a- large-y61ame 6f water, a 
white precipitate 6f bismuth oxynitrate, 6f irregular compositioo,' but gener- 
-ally BtNQjO,' is thrown down. 'This poWder, oi'dinarlly ctikd Mstnuth sub- 
nitrate, is used in medicine and sometimes as- a -cosmetic. When it is boiled 
imthf«QjiiitaaLiiiydroxidMgtfl.aifiQkitioj^]ofigluoQ6e> ahea^. blsck^iowder of free 
bismuth is formed. '^This^is.Bo«ttget*^s test; Cor SMgar. 

.MsmtUh Gkiaridy ^BiOg^ jteowpgi^d. t^y -water \n acaiMnrr sinJlarvto the 
jiiitiate/.pradiBCMguafkjo3«|;€U0^ 
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Bismuth Subcarbonate, a compound oif irregular composition, is used in 
medicine. 



GOLD. 

Gold, Au, 196.7, occurs in the free state, often in veins in quartz, often in 
small grains in sand and gravel ; sometimes alloyed with silver, copper, or 
other bodies. 

Pure gold is very heavy (specific gravity, 19.4), capable of being worked 
into thin plates or wire, and an excellent conductor of heat and electricity. 
The ordinary yellow appearance is dueto much admixed white light. The 
true color, red, is obtained by repeated reflections. It melts at 1900° F. 
(1036° C). It is unaffected by air, water, sulfur, or ordinary acids, even 
at high temperatures. Its compounds are reduced by heat, and by reducing 
agents in the cold. Chlorin or a mixture of nitric and hydrochloric acid 
(which contains free chlorin) dissolves it, forming a chlorid. In the pure 
condition it is very soft and can be welded in the cold by pressure. Gold- 
foil is prepared in this form for dentists* use. For -articles subjected to wear 
it is alloyed with copper or silver. The proportion of alloy is indicated by 
carats y pure gold being 24 carats, i8-carat gold being 18 parts gold and 6 
parts alloy. Q)pper makes a red alloy; silver, a green alloy. The United 
States coin gold contains 90 per cent, of gold alloyed with copper and silver. 
Two sets of compounds are known, aurous and auric, in which the metal is 
respectively a monad and a triad. The oxids are not bases ; one aj^ears to 
. be an anhydrid. 

AugO . . Aurous oxid. 
AujOj . . Auric " 
AuCl . . Aurous chlorid. 
AuClg . . Auric " 

Auric Chlorid is produced when gold is dissolved in nitro-muriatic acid. 
By adding to the liquid, free from excess of acid, some ferrous sulfate, the 
gold is thrown down as a brown powder. A mixture of stannous and stannic 
chlorids produces with gold chlorid a purple precipitate, called purple of 
CassiuSy used for coloring glass and porcelain. 

Vanadium, V, 51.3, is a rare body, found chiefly in combination with 
iron and lead. It forms four oxids. VO, V^Og, VO,, V^Oj. 

Vanadic Anhydride VjOg, forms salts called vanadates. Lead vanadate is 
found as a mineral. It fields compounds analogous to metaphosphoric acid, 
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and also forms salts with some of the strong acids. Vanadium has ac^iuired 
some importance from the possibility of making from it a good indelible ink, 
but the rarity of its compounds has interfered with this use. 



Carbon Group.— rThis includes carbon, silicon, tin, and titanium. They 
are positive tetrads. With the exception of carbon and silicon they form 
feebly basic oxids. All of them form acid anhydrids. Platinum may also 
be placed in this group. 

CARBON. 

Carbon, C, 12, occurs very abundantly in nature. It is so constant a 
component of organic bodies that organic chemistry has'^been called the chem- 
istry of the carbon compounds. In the tissues of animals and plants it 
exists in union with hydrogen, oxygen, and nitrogen. The various forms of 
coal and graphite, and certain carbonates, especially of calcium and magne- 
sium, are abundant minerals. Carbon presents itself under several allotropic 
forms. 

Amorphous Carbon, such as lampblack and charcoal. 

Graphite y or Plumbago, a crystalline form. 

Diamond, also crystalline, often chemically pure. 

These forms are insoluble in all ordinary liquids, infusible and unacted 
upon by acids and alkalies or by the air at ordinary temperatures. Heated 
strongly in air or oxygen, they burn, producing CO or CO,. 

Lampblack is the deposit from smoky flames. It generally contains, 
hydrogen. 

fVood charcoal contains hydrogen and the mineral substances of the wood. 

Animal charcoal is obtained by charring animal tissues. 

Wood and animal charcoals have great powers of absorption — ^the former 
for gases, the latter for oi^anic matters, especially colors and bitter principles. 

This property of wood charcoal explains its use as a deodorizer. Gases 
containing hydrogen, sulfur, or phosphorus are generally entirely decom- 
posed when absorbed by charcoal. 

If a solution of some organic color, such as litmus or cochineal, be filtered 
through animal charcoal, the color will be partly or wholly x^ss^s^^A^* ^^*5«s. 
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prinmfddi, stiofap a»' strychite- oi? the- bitter 'of^bispsv Wil>-ali<y>b^*reiiiov0cl. 
Antaal* clotfooal- is: eicteMltcljri itt^d £^r( tlied6cckirizii^oti of syrups aiid 
vegetable infusions gtatfPtifyi 

Graphite^ called also plumbago and black lead, is destitute of any absorb- 
ent properties, and is used for lead-pencils and for crucibles. 

Diamond is a crystalline form of carbon. It is the hardest substance 
known, and has been used with great advantage for the drilling and cutting 
of stone. 

The specific g^ravity,* color, and' hardness are different in tKe various forms 
of'carbbn. 

Caal\a& been formed from organic matter. Bituminous, or soft coals. are 
first produced. They contain hydrogen and oxygen. Coke is the residue 
after heating the coal. Anthracite coal is much harder, and has very little 
hydrogen. It yields no gas on heatiag; 

Carbonis a4etcad; and-conibiises.witb maiiy eUmentSh-* 

ComptftmcUof Garbkn^faUh^Ifydn>gtt^i — Hydtpgen: aiid^ cttbcnficoi^lnv'iflr 
manjr piiopoTdoiA»' 

Coal Gas. — ^When bitaminotir coal is UMtted ' is ar cl6sed VessetJ a* Idrge 
amoont'of gasas^glven'off. TBis gas, aftfef 1>iehig purifiedj constittttfes illumln- 
aring- gtuf'-fi' mixture* of hy d fogc n , mottikn^; CH^, ethiene, CjH;, and othbr 
gases. 

Compounds of CarbonrwHlt Oxygen: T&'import&nt'ones'are — 

Carbon monoxid,' CO. 

Carbon dlbxid, . . "i ^_^ 

Gai4)omc*anh'ydrid'i /' * ' • 'J^-- 

Carbon Monoxid, Carbonic- Oxid, CO. — This is produced when carbon is 
burned in a deficient supply of air, as in stoves with defective draft and in 
the large furnaces f6r reducing and working iron, in which an excess of fuel 
is purposely maintained. When steam is thrown upon hot coal a mixture of 
carbon mmioxid and hydrogen-, generaiy^Tcalled*water--g«; is produced. This 
is available as a gaseot]r>fiiti,<or*inft^bie' iBapre93atcd''*wiith vapors of gasoline 
anduBed^^as^soiftce-ofv light.' f^egqpiftrhne&tAl purposes the action of sul- 
func acid upQO'J0KaUc:acid or'upoapotassittffi'ferroeyatiidisnised for the pre- 
panttion of^ CO.> 

CarbMi m<»tf03dd'4S'aicok)rless, odod^is, tasteless gas, of decidedly narcotic 

poisonous properties. It is a little lighter than «ir; It bun» easily wi^ a 

clottrtAiie'--flEuiier Iris an mnuMumtcd-molecttlev aiid'WiH combine yMt chlo- 

rlmamd some odftr eJMDMtS; By>reftfton of: im miMtilMted' coiidititMi, it has 
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th^pp^v'er' to^unkavfirmly widi bemo^bin^ and 'prevent this proper o&kUfction 
of the blood, thus producing, when inhaled, a persistent asphyxiated condi- 
tiono' Poi9Qoii!ig;['b3rcarbon'n]DiN»id''hasiiow'befcome'of common occurrence 
in>^ consequence of the extended use of - Wttler-gas. It is not unlikely that the 
unnoticed escape of this gas-in'housefr'U the cause of niuch'<fecomfort and ilt 
hetkh. 

Carbhn Dioxidy Carbonic Anhydridy COj, often wrongly called carbonic 
add, is an abundant substance occurring in ah* and 'water. Some of its com- 
pounds, especially calcium and magnesium carbonates, are common minerals. 
Carbon dioxides produced'in a great variety of ways : — 

i; By tfeeTCspiratibn of animals; 

2 . By ordinary ; combustion ; . 

3. By fermentation and -decide; 

4. By decomposition of carbonates, either by heat or l^ acids. 
The reaction in*the case of chalk and hydrochloric acid is — 

CaCOj + 2Ha = CaCl, + H,Q -f CO,. 

It is unimportant whether we regard . the water and CO, as separate or* 
^''ited to form carbonic acid, HjCOj. By passing the escaping gas over dry 
calcium chlorid or strong sulfiiric acid the pure CO, may be collected. 

Properties^ — Carixm 4{oxki is a^ colorless gas of' a sonvewfaat sharp taste. 
It is -soluble atNordinary.pcesBurenn its own 'bulk' of ^ watery and' tbe solubility 
is increased >iiiF'proportioa to the-pressarei It< is about' fi^'per cent, heavier 
tkaa airj i litre weig^ 2^07 grms. > It canrbe^liqiie6ed'by a pressure of 550 
lbs. to the inch, and freezes at — 70® F. ( — ^56® C). It does not support 
animal life- nor^ordkiMryr combustion; but bodies of hlgfa affinity, if already 
in active combustion^ will decooipi98eit'atid--coirtiB«e to bum. Red'hot coal 
will produce the fallowing-, reactions « C -f^ CO, =:2C0, which accounts for 
the production of ^ carbon moneoud in ordinary stoves. A l^hted taper put' 
into the gas is instantly extinguished, but ignited magnesium will continue to 
bum^nd depp»t ciirbon. Tbe-reaetson is Mg, -|^ CO, = 2MgO -f- C. 

Lime» water is ansttatly rendered 'turbid by the^gas, from the formation of 
insoluble calcium carbonate, thus>constitatiBg: a test for the gasi 

Carbo0<}k>xid bas' a • tendencyto accumulate at low levels if prodticed in 
largeamountSi It is found in undue proportions at the bottom of -mine-shafts 
and in fennefltinfr.'vatSi Cases of sitfibcation often occur' in these places. The 
usnal metbcd» of « detcrrainiiig' wiietiier such- places are safe to enter is by 
lo^n^eriag^arlighted' calidle; if this -continues to bora vrgorott8l7^ the a.\£ \& 
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probably safe ; if it bums feebly or is extinguished, the air is too rich in the 
gas. 

Carbon dioxid is one of the most important agents in the slow changes 
which occur in nature. Assisted by the action of frost, it breaks down and 
renders soluble many kinds of rocks and converts them into soils. The ordi- 
nary effervescing soda-water is an artificial solution of the gas under pressure. 
Fermenting liquids owe their effervescence to the same cause. Under the 
influence of light, plants decompose it, the carbon being absorbed and the 
oxygen given off. 

Carbonic acid forms a series of salts called the carbonates, most of which 
are insoluble in pure water. Monads form two salts. Potassium gives us — 

KHCOg ...... Acid potassium carbonate, 

K^CO, ...... Potassium carbonate. 

Dyads give one salt — 

CaCO, Calcium carbonate. 

Carbonic acid is easily recognized by its rendering turbid a solution of cal- 
cium hydroxid (lime water) or barium hydroxid (baryta-water). It turns 
litmus to a wine-red, the blue color being restored on boiling. 

Combustion and the Structure of Flame. — Carbon, hydrogen, oxygen, and 
nitrogen are the especial elements of the tissues of animals and plants from 
which our fuel and illuminating agents are mostly derived. The process of 
burning is the absorption of oxygen and the formation of carbonic acid, 
water, and free nitrogen, and sometimes small amounts of amin and nitric 
acid. Ordinary flame is gas of some kind in the process of uniting with the 
oxygen of the air. 

Formerly the terms " combustible " and "supporter of combustion " were 
much used ; carbon, phosphorus, and hydrogen being called combustible ele- 
ments, oxygen and chlorin supporters of combustion. This distinction is 
now abandoned ; the action is a mutual one, and the supporter of combustion 
may easily be made the combustible. 

If we examine common gas or candle flame, we And that it consists of three 
parts : {a) an inner space of a blue color, {b) a shell of brightly luminous 
particles, (c) a fringe of feebly luminous particles. 

The inner part is the point at which the gas that is burning is produced or 
escapes. This generally consists of carbon and hydrogen. At its outer edge 
it meets the air ; most of the hydrogen is converted into water, the carbon is 
set free in a finely divided condition in union with some hydrogen, and this 
solid is intensely heated by the combustion of the hydrogen. This is the 
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source of the light, and forms the second part. The finely divided matter 
passes outward and gradually burns, producing the feeble fringe of light, 
which is the third part. It is obvious that with bodies which are deficient in 
carbon, or which are burned in a supply of oxygen sufHcient to consume the 
carbon before it can be set free, very little light will be produced ; on the 
other hand, if the quantity of carbon is large, the flame will not be able to 
heat it above a red heat, and the supply of oxygen may not be sufficient to 
burn it up ; and we then have a lurid, smoky flame. 

Alcohol, which contains little carbon, bums without much light; turpen- 
tine, which contains much carbon, burns with a red flame and smoke. By 
making a mixture of the two a good flame may be obtained. 

Anything which cools the carl>on down below its burning point will cause 
it to deposit in the solid form ; hence the formation of soot or lamp-black 
when flames come in contact with cold surfaces. 

If a chimney is placed over a smoky flame, the increased draft causes a 
more abundant supply of air, and the carbon is completely burned. This is 
the reason for the use of chimneys in oil-lamps. 

If a flame be suddenly cooled, as by the introduction of a coil of wire or 
a sheet of wire gauze, the combustion will cease and the mixture of gas and 
air will escape. This can be easily shown by putting a. piece of wire gauze 
across a gas flame, when it will be found that the flame will stop at the gauze, 
but a combustible mixture of gas and air will pass through it. Similarly, the 
gas may be lighted above the gauze and the flame will not run back. If the 
gauze becomes hot, the flame will pass through. This principle is made use 
of in Davy*s safety- lamp for preventing explosions in mines. It consists of a 
lamp arranged so that no air or gas can get in except through fine gauze. If 
an explosive mixture finds its way to the flame, its combustion is limited to 
the interior of the lamp, at least for a time. 

If common coal gas be mixed with air, it will bum with a non -luminous, 
smokeless flame ; and such lamps are now used very largely. In the simplest 
form, the Bunsen burner, the air is drawn in through openings at the bottom. 
A great variety of these lamps is now made. Heating by electricity is grad- 
ually taking the place of other methods. 

When a current of air is driven into a flame its temperature is increased. 
. This is the cause of the efficacy of the mouth blowpipe and of blast-lamps. 

When mixtures of gas and air are ignited, combustion may occur through 
the entire mass at once. This constitutes an explosion. Recent research 
has shown that violent explosions may occur from the rapid ignition of fine 
particles of coal, flour, or other combustible material diffused through the air. 

Flame Tests. — Many elements give characteristic cqUyr. \s> <?vi»ssiRa». 



9^ INORGANIC CHgrtlSTRY. 

Sucfe testi' aJ^ vwy diBrcate; aadT^Hetf applied t6pift« sUbsWtices vety 
satnfitetory. When- several colors- ate present,* one" color may^ conceal the 
other, and - tl^d^* the* test b^ ineomplete.- Bypassing thfer light thtoogh a 
prism, the' colors* ate' separated, and each may be recognized.' The appa- 
ratus for. this'pmrpose is culled^ a spectroscopy Observations with it show 
th^it nfost elemtats give'out irgbt'whftch'is mide up of several colors. 

Carbon Disulfide CS^. — Tins body is analogous to carbon dioxid. It is 
produced by passing vapor of sulfur over red-hot charcoal. It is a colorless 
liquid, Which; when quite pure and in large quantity^ has a rather pleasant 
odor, but when impure, and especially when diffused through the air in small 
quantity^ is quite disagreeable, li is very volatile and inflammable, and has 
high' solvent' powers,' dissolving sulfur, phosphorus, and most oils and fats, and 
is m\ich used for sUch purposes. Its vapor will take fire much below a red 
heat. 

Carb&n Cklorid. — Carbon forms several compounds with chlorin : — 
Marsh gas, CH^, for instance, yields, by, successive substitution action, the 
following compounds : — 

CH^GT^. . .-.-... . . . . Mofibehiorind^tibr 

CH^Glj. .'. . ... . DicfaloftttetfaiAiie^ 

CH€]^. . . . . TriehlOrmethaiie: 

GQ^ . ... TetfadhlormethlifiW. 

The third body, CftClj, is chloroform ; the fourth is carbon tetrachlorid. 

Cyanogen ^ CN. — Cyanc^en is a radicle, and in its chemical relations resem* 
bles such elements- as Cl^ Br, and \t It forms compounds called cyanids. In 
all of these it acts- as a monad : thus we have hydrogen cyanid, HCN, potas- 
sium cyanid, KCN. Dyads require two molecules of cyanogen. Calcium 
cyanid is CaCjN, .or Ca(CN)g.. The symbol Cy is often used in formulae 
instead of the symbol CN. We may write HCy, instead of HCN, KCy instead 
of KCN. 

SILICON: 

Silicon, SI, 28, occurs- very abundantly as oxid, SiO,, and as silicatds. 
Silicon existsitf three fdrms, amorphous, graph'oidal, and diamond, correspond- 
ing to those of carbon: When strongly -heated in the air it bums, producing 
SiOj. 

Silicon is a tetrad, and Is related to carbon in many ways, especially in as- 
suming- al!dtropic forms. Compounds have been obtained in which it has 
repdmeed capboB,' 



SUki^iSUUit^AhJ^drid; SiO,.— This isa widetrdistribiUadbody, occinrii^ 
frMK^i'coiniiioiitsatid,' cbakedonpf^ quairtt, ett>, and in combinMioii forming' 
silicates in great variety, of which clay, granitfe, feldspar, and sandstones are* 
instances. A very large proportion of the solid snbstttnces in the earth's crust 
is in. the form of compounds -of siUca. Silica exists- in the stems of grasses 
and in the teeth^and bonesx>f animals. 

In its pureiiprms silicio anhydrid is a colorless, nearly infusible and insoluble 
solid, destitute of chemical activity. In nature it often occurs in large six- 
sided crystals, called quarts lor, when niby-c6lored, amethyst. Uncrystallized 
sittoaialstf^oecurft' in- varisusf condkioa^— agatei jaspieri ^haloedony^ oayxy etc. 
In all its forms it is converted into a silicate by fusion with sodium carbonate, 
and when lime, lecui oxid,.or other metallic oxids are. mixed with the- sodium 
silicates, we. get the various forms of glass. When a large- excess of sodium 
carbonate is used, the glass is soluble in water, and Is commonly known as 
soluble glass. The solution is sometimes called liquid silex. It is used as a 
cement, and in soap^. 

Silicic Acid J Orthosilicic Acidy H^SiO^.. — If sodium silicate be treated with- 
hydrochloric acid-, the following, reaction, occurs : — 

Na|3i04,-|r 4Ha =» 4NaCl + H^SiO^, 

Solution of silicic acid is tasteless and feebly acid to litnras.' By etftperatiMi'^ 
it forms a gelatinous mass which can be brought to the composition H^SiO,, 
(metasilicic acid), and by furtheirhtatin^gpyes'the insoluble anhydrid. 

Silicon combines with the halogens, forming, bodies resembling the- corre- 
sponding carbon compounds. 

Silicon and fluorin have a strong affinity, forming silicon fluorid, SiF^. Sili- 
con combines with positive elements, forming silicids, but many of these are 
of uncertain composition^ Hydrogen silicid, H^Si, produced by the action of 
acids upon ms^esium silicid, takes fire sppntaneously. In its composition it 
is analogous to marsh g^, H^^]). 

UN. 

Tin, Sif, ii8, occurs principally as a dioxid, called tin -stone. The ele- 
ment is white, soft, and easily beaten into foil, but is not tough ; specific 
gravity, 7.28. It fuses at 442® F. (228° C), and resists very well the action 
of the air and of cold acids. Nitric acid forms a dioxid which immediately 
takes up water and forms an acid. Tin forms several valuable alloys — pewter, 
gttn-nvetal, typennetal, bron^, and solder, elsewhere described. Speculmn 
nfldCiriv used fdr-metAl mirrors, is an aUoy of cc^perand thiF; ^baa mk^^R:v--«s«' 
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coated with an amalgam of tin. Tin plate is iron co&ted with tita by dipping 
it into a bath of the melted metal. Two series of salts are known — stannous, 
unsaturated, and stannic, saturated. 

Stannous Oxtd, SnO, is a feeble base. 

Stannous Chlorid, SnCl,, is formed by dissolving tin in hydrochloric acid. 
Stannous chlorid is used as a reducing agent. When mixed with mercuric 
chlorid, mercury is set free and stannic chlorid formed : — 

HgClj + SnCl, = Hg + SnQ^. 

Stannous chlorid is used by the dyer as a mordant, under the name of tin 
crystals. 

Stannic Oxid, SnO,, Stannic Anhydrtd, is found as a mineral ; also pro- 
duced by burning tin in the air, by oxidizing it with nitric acid, and by adding 
an alkali to stannic chlorid. It unites with water in various proportions to 
form acids, and these form salts called stannates and metastannates. 

Stannic Chlorid, SnCl^, 7tn Tetrachlorid, Libavius^ Fuming Liquor. — 
This body is largely used by dyers under the name of nitro-muriate of tin. 
It is a colorless fuming liquid, boiling at 239.5® F* (^^5'3° C-)* 

Stannic Sulfid, SnS,, Mosaic Gold, is a bronze-colored powder used in 
printing and coloring. 

PLATINUM. 

Platinum, Pt, 197.1, occurs native, also alloyed with gold and silver and 
other elements. 

Platinum is hard, white, and very heavy ; specific gravity, 2. 15 ; it fuses 
only at a very high temperature. It resists perfectly the action of the air 
and of most chemical agents, and for this reason is largely used in chemical 
operations. It dissolves in hot aqua regia, forming platinum tetrachlorid, 
RCI4. Platinum forms two series of compounds ; its oxids are only feebly 
basic. 

Platinum Tetrachlorid, or Platinic Chlorid, PtCl^, is a red or brown 
deliquescent mass. It forms yellow insoluble precipitates with potassium 
and ammonium salts, but not with those of sodiimi, and is of great use in 
analysis for the separation of potassium from sodium. 



The remaining elements are rare and have as yet few applications of 
moment. Their names, symbols, accepted atomic weights, and valencies 
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will be found in the table of elements. Great scientific interest attaches to 
some of them, and in a few cases their compounds are used in special tests. 
Molybdenum in the form of anmionium molybdate, (NHJjMoO^, is used as a 
test for phosphoric acid. A compound of osmium, OsO^, is used in micros- 
copy. Osmium itself can be obtained in a crystalline form with a specific 
gravity of 22.48, being the heaviest substance known. Crookes has shown 
that the body heretofore known as yttrium includes fi^ or more different 
elements, or, at least, different molecular groupings; ocher of the rarer 
elements show the same condition. Some of the rare elements exist widely 
diffused in minute amounts. 
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NATURE OF ORGANIC BODIES. 

Organic Chemistry is primarily the study of the substances which form 
part of the tissues of plants and animals. These are very numerous, and by 
various influences, such as action of heat or of oxygen, new bodies may be 
formed, and these are also included in organic chemistry. At the outset we 
must carefully distinguish between an organized and an organic body. 
The former has a definite structure, generally cellular, and is formed under 
the specific action of vitality. Organic bodies, on the other hand, may or 
may not possess structure. All organized bodies are organic, but all organic 
bodies are not organized. For the recogpiition of the organic nature of any 
substance the action of heat usually suffices. It causes decomposition, with 
evolution of smoky, strong-smelling vapors ; a residue of carbon remains which 
can be burned off by heating strongly in the air. The presence of nitrogen is 
usually indicated by a disagreeable odor like that of burning wool. Amin, 
NH3, b often formed and can be detected by appropriate tests. Organized 
bodies are in general easily recognized by the microscope. 

Carbon, hydrogen, nitrogen, and oxygen are by far the most frequent ele- 
ments which enter into the formation of organic bodies. During the last 
twenty-five years many artificial bodies have been formed, into which mer- 
cury, bismuth, arsenum, chlorin, and iodin have been introduced ; these, 
although analogous to natural organic bodies, are not capable of forming part 
of healthy tissue. Carbon is present in almost all organic bodies, and for this 
reason organic chemistry has sometimes been called the <' chemistry of the 
carbon compounds.*' Hydrogen is also almost always present; oxygen some- 
what less frequently; nitrogen still less frequently; while sulfur, phosphorus, 
and iron are rather exceptional in their occurrence. The following table gives 
a list of bodies belonging to different classes in organic chemistry, and shows 
how many changes may be made in the combination of these few elements. 
The compounds all occur ready formed in nature : — 

94 
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C^H^Ou Cane siig»r. 

.CjqHj^N, ... NicQtin (from, tobacco). 

^4^i9^Qs * Moirphin (Irom ppium). 

CjHyNSOj . Taurin (from bile). 

CjHgPO, . ., Pho§phogly eerie acid (from bcMn). 

CijH^FeN^Og Hem^iUn (from blood). 

Proximate and Ultimate Composition.— ^Tke tissnes of plants and ani- 
mals,: jor^ tbe-pcodMts ^likWiMeampom^wiyiaie generally «iixtiircs 4f several 
iiod^peftient siubfitisce?. Butter ..is afoixtwie of foiu^jorffiveijbti;xen)mon 
rosin contains two or sometimes tbrte.4i9tittet bodies ; optsnn vaod^Ifefawtiv 
.i)ack^iie;8(liiUjn«reiOonpticAled, eod- bnon^iand aui^ole stmctniesiM&.coLOom- 
,-piM«t(id tliat#s.yct»€Qi«pkte^uiii)]n0s hanenot-beenrfnadeofjtbev. .Tlie tab- 
stances which thus exist naturally- in a state of mixture are called prarmmif 
.pHncipkSi the separation and identification of them is called proximate analysis^ 
and such of .them as give characteristic qualities to the articles .in which they 
occur are, generally called active or essential principles ; .atropi^, for instancy, 
is the active principle df belladonna, for although many different bodies are 
contained in the belladonna leaf, atropin is the one upon which its physio- 
logical ^acti^ty-naiflly depenids. TIk ili5fiPM«/^'/n«aj^j 6f a substance , -are 
the elements (carbon, hydrogen, etc.) which it contains. 

il^Uimafe aM«^iir,>tbatri$, idte dcteoamation i^^of :lberp(opofttQCi&ofiitfce'ele- 
iMiils^^tyiay be;pnMeAt, .4itiift«ii«h^fequin8gr«Me»in - m wi ipi il i i rittn ,^tarywc- 
M«aUyiti^.«iiiie>£9cAlL'«igimic,ooiBfi[Q«ft^ 

Transformation of Ofg^anic^odi^s.-^In addition to the bodies 'found 
ready-formed in plants and animals, many derivative substances are. known. 
These are, produced by a great variety of methods, some of which ve of gen- 
eral application. 

(a) Action of Heat. — ^The great .jp^jodfy ;of organic .ooB^twds ^are 
changed by heat, some. onjy. slightly (^others, con^letely. Many are converted 
into new bodies, which esci^pe in the roondition of vapoBS, -.andanay be si^se- 
quently condensed. In this way coal, when heated, gives. rise to coal, gas, 
coal tar, pitch, etc., these products, beijpgjnixtuws, of mai^y^/r<u:«na/^, princi- 
ples. Such a^pro^egs. is .eaUed, destructive distillation. 

(fi) Action of Oxygen. — At high temperatures most organic bodies 
bum, producing catb^n diovid . and ivater. ; Atlom teoipeiaitttres the oxygen 
may enter slowly iQtoi€omlBaajtioo,-<Qr, as frequently happens, -may substitute 
the hydrc^en, the ..fubfilitiiti^atalusgtpk^ikitthe proportion lOf' one «to 
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oxygen for every two atoms of hydrogen removed. In both these actions the 
resulting bodies are generally acids. 

(c) Action of Nitric Acid. — ^This varies with 'the temperature and de- 
gree of concentration of the acid. When veiy strong and cold acid is used, 
the action is generally a substitution of the molecule NO, for H, giving rise 
to a series of bodies called nitro- compounds. When the acid is weak or hot, 
the action is usually the direct addition of oxygen, according to methods 
given in the preceding paragraph. 

(d) Action of Chlorin. — Chlorin sometimes enters into direct combina- 
tion, but usually displaces the hydrogen and takes its place, atom for atom. 
<Bromin and iodin act in the same manner. 

The substituting actions of oxygen, nitric acid, chlorin, etc., give rise to 
a very important series of compounds, which are more completely explained 
'below. 

(e) Action of Dehydrating Agents. — ^These are bodies — sulfuric acid 
and phosphoric anhydrid, for examples — which have a high affinity for water. 
They act by abstracting hydrogen and oxygen in the proportion of two atoms 
of H to one of O. 

(/) So-called Natural Changes. — These are Fermentation, Putre- 
faction, and Decay. 

Fermentation is a process by which certain organic bodies, particularly 
forms of sugar, are converted into new substances simpler in composition. 
The change is dependent on the development of minute living organisms, and 
the products- difier with the nature of the organism. 

The conditions necessary to the action are : (a) Proper food, especially the 
ammonium salts and phosphates. These are generally present in the liquid 
about to be fermented, {b) A temperature from 60° to loo® F. (20® to 
40° C). Very strong solutions of sugar will not ferment. 

Many substances, especially those which coagulate albumin, have the 
power to stop fermentation, and are called antizymotics. Among these are 
boric acid, zinc chlorid, mercuric chlorid, phenol, alcohol, sulfites, many 
hydrocarbons, etc. 

Some important forms of fermentation are — 

1. The Vinous, producing chiefly Alcohol, CjHjO, and Carbonic Anhydrid, 
COj. 

2. The Acetous, producing chiefly Acetic Acid, CjH^O,. 

3. " lactic, " « Lactic Acid, CjH,Oj. 
4. The Butyric, producing chiefly Butyric Acid, C^HjO,. 
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Each variety of fermentation is dependeift upon and caused by special 
forms of microdrganisms. 

Putrefaction is a change which bodies containing nitrogen, especially 
organized bodies, undergo when exposed to air. They are usually converted 
into simpler products, some of which have characteristic and offensive odors, 
due in part to the sulfur and phosphorus sometimes present in organized tissues. 
Putrefaction is caused by the development of various forms of microdrganisms. 
Substances which prevent this development will prevent the putrefaction, and 
are called antiseptics. 

Decay. — ^This is the decomposition of organic bodies by the slow action 
of oxygen. It takes place too slowly for any increase of temperature to be 
noticed, and it is rarely incomplete, that is, some portions of the elements 
escape action. When wood bums with a flame it leaves nothing but the in- 
combustible mineral matter or ash, but when it decays a brown powder is left, 
which contains some of the original carbon and hydrogen. Decay requires 
the access of air, the presence of moisture, and a temperature above the 
freezing point. 

Organic Substitution. — This is a process by which one or more atoms 
of a body are removed and their place occupied by an equivalent number of 
atoms of some other element. The atoms replace one another strictly ac- 
cording to valency. Numerous substitution compounds are described further 
on ; it will be sufficient here to outline the general principles of their 
formation. 

1. Substitution by Oxygen, — Oxygen substitutes hydrogen, one atom re- 
placing two of hydrogen ; at least two atoms of oxygen are required, one to 
combine- with the liberated hydrogen and the other to take its place. Thus 
alcohol, when exposed to oxidation, gives the following reaction : — 

Alcohol. Acetic Acid. 

CjH^O + O, = CjH^Oj -fHjO. 

The bodies produced by oxygen substitution are usually acids. 

2. Substitution by Chlorin. — Chlorin usually substitutes hydrogen ; one atom 
of chlorin takes the place of one atom of hydrogen, but the hydrogen thu 
set free combines with an atom of chlorin ; so for the complete reaction two 
atoms of the latter are needed. Thus : — 

CH^ + CI, = CH3CI + HCl. 

If further substitution occurs it will be similar : — 

CH3CI + C\ = CH^Cl^ + HCl. 
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Tbe^e reactions ^re £eo«rally obuined by tlie ^ect actipn pi chlorift on 
the organic body. Proceeding in this way with the above C96t, we fy^^J 
reach complete removal of the hydrogen and the formation of CCI^. T)u^ 
method of 3ubstitution is almost the only means we have of fonning .(oni* 
pounds between carbon and chlorin. 

Bromid and iodin follow substantially the same law, but do Q0( iM?t.$4 
readily. By the action of phosphoric chlorid, h^droxyl is frequentlir snAHfji^ 
tuted by chlorin. 

3. SubstituHon by Sulfur. — Sulfur substitutes oxygen, atom lor ^topA^ but 
only a comparatively small number of such substitution compounds are fts jret 
known. They are usually of very marked odor. As ^n example of 9 S.|]|lfi|^ 
substitution we have CjHjS, which corresponds to alcohol^ C^H^O. 

4. Substitution by NO^. — This i& a substitution for hydrogen, and is tli^ ise- 
suit of the action of strong nitric acid. Each molecule of NO, replacf^s OQC 
atom of H. The bodies thus formed are called nitro-compounds, the prefixes 
bi-, tri-, etc., being used to indicate the presence of two or more moleculps 
of NOj. The action of nitric acid on benzene results in the iiovinatjoQ jOf 
nitrobenzene : — 

C,H, + HNO, + C,HjNO, + H,0. 

5. Substitution by HSO^ — Many organic bodies, especially those contaimog 
only hydrogen and carbon, when treated with sulfuric acid, form svbstita^ 
tion compounds, called sulfonic acids, in which the molecule, HSO,, takc» 
the place of hydrogen in the organic body. Benzene, for instance, gives— «• 

Benzenesulfonic Acid. 
C,Hg + H,SO, == CeHgHSO, -f H,0. 

The CgHg replaces the hydroxyl of the acid, not the hydrogen. 

Other Substitutions. — Nitrogen may, under certain circumstances, be sub- 
stituted for hydrogen. The bodies so formed are called as^^-compounds. 

Silicon may replace carbon, but only a few such instances have been 
observed. 

Organic Synthesis. — Until Wdhler parepared urea by heating ammonium 
cyanate, it was supposed to be impossible to prepare artificially any one of 
the constituents of animal or vegetable secretions. Within twenty-five years 
past great advances have been made in the work of producing organic bodies 
artificially, either directly from mineral substances, or from other organic 
bodies. These methods are called organic synthesis ^ and throw much light 
on the molecular structure of the bodies concerned. 

Formates, which occur in natural secretions, may be prepared from potas- 
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uvm fomi^te, whkh may be wade iirU5ci«Uy |>y ^ actios «f earbem nM«o«H 
on potassium hydroxid : — 

KHO + CO ax KCHQ,. 

Empirical and Rational Formulae. — Wien symbols are written so as to 
express merely the number of atoms of each element, without attemptiog to 
show the arr^gement or the relations of them, we have what are called em- 
pirical /ormuJa. When, in addition to expressing the composition, we en- 
deavor, by the arrangement of the symbols, to express the manner in which 
the moleoules fl|« formed and -^e relation it has to other bodies, we have 
rational formuiig. Thus, jaloo^ol may be represented empiric^y as C|H^O, 
but mai>y 9f the changes which alcohol undergoes indicate that one of its 
Atoms of hydfogen is closely associated with the oxygen, while the other 
hydrogen atoms are more closely associated with the carbon. Accordingly 
tiie fonnidst, QH^HO, is used to indicate l^is arrangement. A perfect 
mtional lormulae riiould indicate how tbe body is formed and all the dbanges 
to which it tends, but such formutee are not yet possible to ois. In a luge 
number of organic compounds the rational formulae are not known. 

Percenfta|^e Composition. — ^The results of analysis may be expressed 
without any reference to symbols, or to the number of atoms of the dements 
present. We may give singly the number of parts hy weight of eadi element 
cont£|ined in one hundred parts of the body. Thus the compositioQ of onli- 
nary sugar may be stated as : — 

Carbop, . '. 4a.u 

Hydrogeo, $.43 

Oxygen, ...•.,. 51.5^ 

100.00 

These figures represent ^<t percentage composition, (See page 34.) 

laomeriam, Metamerism, and Polymerismu-— Many instances are known 
of two or more bodies entirely diffeji^ent in origin and character, having the 
same percentage composition. A^^tic acjkl, lactic acid* and glucose all have 
the composition : — 

Carbon, , 40 

Hydrogen, 6.66 

Oxygw, 53.34 



< ■■ 



vy^jcy^ 
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Similarly, the bodies known respectively as methyl acetate, ethyl formatei 
and propionic acid have the same composition. 

This relation is known as isomerism ^ and if we compare the formulae of 
isomeric bodies they fall naturally into two classes, 1st, those that agree both 
in number of atoms and molecular weight ; 2d, those that differ in number 
of atoms and molecular weight. The compounds methyl acetate, ethyl for- 
mate, and propionic acid, form a series of the first class, while acetic acid, lactic 
acid, and glucose are examples of the second : — 

Empirical Rational Mol. 

FormuUe. FormuUg. fVt. 

Methyl acetate, CjHgO, CHjCjHjO, 74 

Ethyl formate, C3H5O, C^Hj CHO, 74 

Propionic acid, CgHgO, CjHgCOOH 74 

It will be seen that the rational formulae are different, but as far as actual 

number of atoms is concerned the bodies are identical. Such a relation is 

said to be one of metameric isomerism or metamerism. In the other case 

referred to we have : — 

Empirical Rational Mol. 

FormtUa. Formula, IVt. 

Acetic acid, QH^O, HCjHjO, 60 

Lactic acid, CjHgOj HCjHgOj 90 

Here the only agreement is in percentage composition. Such a relation is 
called polymeric isomerism. 

Isomeric Modification. — A special form of isomerism is where two or more 
bodies are identical in comparison and molecular weight, and so nearly alike 
in properties and reactions as to indicate that they are forms of the same 
body, but each is under a slight modification. Thus five modifications of the 
substance called pentyl alcohol (CgHjjO) have been described. Each one 
of these differs slightly from the others in boiling point, action on light, etc., 
but they are all entitled to the name pentyl alcohol. 

These are more intimate relations than ordinary isomerism, and can best 
be explained by supposing that certain minor differences exist in the molecule, 
particularly with reference to the position of the carbon atoms. 

Determination of the Formulse of Organic Bodies. — The percentage 
composition of a body gives only an imperfect clue to its formula ; to obtain 
this latter we must know something of the molecular weight. Now, as a 
general rule, it is found that the molecular weight is equal to twice the den- 
sity of the body in state of vapor compared to hydrogen. The determination 
of the vapor density becomes, therefore, an important operation. The use of 
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these determiDatioDS of vapor density is shown by the following example. 
The composition of alcohol might be represented by the formulae C^Hfi, 
C^Hi^Oj, or any other multiple, because the proportion between the elements 
would remain the same. The vapor density is, however, found to be 23, and 
since, by the rule above given, the vapor density is half the molecular weight, 
such a formula must be chosen as shall give a molecular weight of 46. The 
one which will give this is : — 

C, = 24 

H.= 6 

O = 16 

46 

C,HqO is, therefore, the correct formula for alcohol. 

The reason for this is shown by the following calculations :— 

The molecule of hydrogen is H, and weighs 2 

" « " alcohol is CjHgO " 46 

The ratio, therefore, of weight of one molecule (or given volume) of alcohol 
to a molecule (or given volume) of hydrogen is as 46 to 2 (23 to l). Since 
in the determination of vapor density, the comparison is made to hydrogen as 
unity, the figure obtained by experiment must be doubled to be comparable to 
the weight of a molecule of hydrogen. 

Homologous and Isologous Series. — In many cases when the formulae 
of organic bodies, similar in some properties, are arranged in order, they will 
be found to differ by a regular rate, the carbon increasing or diminishing by 
one atom and the hydrogen by two. The result is a series of bodies differing 
by CH,. Such a series is called a homologous series. 

In the following examples each vertical column represents five members 
of a homologous series: — 



CH« 


CH, 


C 


<^H, 


C,H« 


CH. 


C^H, 


C,H, 


C.H, 


C«H,, 


C4H, 


C«H, 


C5H,, 


<^sHio 


<iH, 



General Formulae. — The existence of these homologous series, as above 
described, renders it possible to express by a single formula the composition 
of any member of the group. Thus, in the first series, the atoms of hydro- 
gen are always two more than twice the carbon atoms ; in its next series the 
atoms of hydrogen are just twice the carbon ; in the third series the hydro- 
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gctt atoms «re two less than twice the eaiixMi atcnis; For the first series we 
cotUd give, then, the general formula C^ H^n 4 2 ; n represents^ any number of 
atoms. From this formula we can derive any member of the series ; for in- 
stance, let it be required to write fSHie formula of the sixth member. As the 
carbon increases regularly one atom at a time, the sixth member will have 
six carbons, thecefore Cg. Twice six plus two is fourteen; the formula is, 
therefore, CgH,^. ^The general formula of the second series above given is 
Cn H^Q^ of the third series Cn H^n — 3. 

Carbon Chains. — The valency or combining capacity of each member of 
a homologous series is the same. It is not difficult to understand how this is, 
as far as regards the first member of the series, but at first sight it would seem 
as if each member should have a different valency. Thus, if CH^ is a satu- 
rated molecule, C^H^, a homologue with it, would seem to be a dyad ; fbr 
carbon being a tetrad, two of carbon would have a capacity of eight; six 
would be saturated by the H^ leaving two unsatisfied. Expetiment, how- 
ever, shows that.C^H^ is not a dyad, but a saturated molecule, and so 
with all bodies homologous with it. The explanation of this fact is upon the 
supposition that, in forming the molecules, the carbon has in part satisfied 
itself, so that each atom of carbon added carries into the molecule only two 
degrees of valency, which the H^, added at the same time, immediately satisfies. 
This explanation cannot be made clear without the use of diagrammatic for- 

H 

mulse. Thus the first member of the series would be H — C — H ; the second 

H H 
i>>^mber would have the carbon partly satisfying itseH' thus : H^ — C — C— H, 





i^ 


H 
1 


H H 

i 1 


-6- 


kk 



[— C— C— C— ] 



and so on with each membei*. We might give namei» to the linked carbon 
atoms — or carbon skeletons, as they have been ingeniously ca]led~M:alIingf 
mem di-carbon, tri -carbon, etc. 
Jh addition to the arrangement known as open chains, carbon atoms are 
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sooictimes arnnged iii ck)6ed ehftiiis. For illtistratidii of these fbnns se6 
benzene^ 

Asymme&k CardoH. — A cltfboti Atom which hds no two of its bonds joined 
to siittilar Moms or moleeides is termed ** asymmetric." This condition has 
ittlpoftai^ hifliiences on the properties of the compound, especially in its action 
on polarized light. Any carbon compomid which in solution haS the power 
to rotate the ray of pokuized light will be found to contaitt at least one atom 
of asymmetric catlboii. Stich substances may exist in at le^t three isomeric 
forms: one with right-haiided rotation, one with- left-handed, and one optic- 
ally inactive. The latter condition may be due either to the existence of 
equal numbers of atoms of asymmetric carbon of o^oslte States in the same 
molecule, or to mixtures of equivalent quantities of the right- and left-handed 
rotating molecules. Rotation of the polarized ray by solid subotances is not 
necessarily indicative of the presence of asymmetric carbon. 

Propertiefs of Bodies in Homologous Series. — The relation of homo- 
lo^oo^ bodfed is not a mere accidental relation in formulae. By comparing 
different members of the same series we can always see similarities either in 
origin, general properties, or chemical relation. The series beginning with 
CH^ n characterized by general indifference to chemical action. The hydrox- 
ids of the series beginning with CH, constitute a series of alcohols which 
possesses speciBc physiological action. In each series the fusing and boiling 
points, specific gravity, density of vapor, increase with considerable regularity. 
'tht mofeeular Weight, of cout^, inereases, bat hi the series beginning 
witft GH^ the peitetiti^e composition is the same in all, and th^y are, there^ 
fore, instances of polymeric isomerism. The molecular weight increases reg- 
idjurly, 14, 28» 32, ete., but the percentage composition is always caiboh, 
85.71}^ hydrogen, 14.291 By the density of the yapor we ean distinguish 
each one and determine the formuls. 

Isomeric Modification in Homologous Series. — It has been pointed 
ot(t, Of! a pretrious page, that many organic bodies occur in two or more forms 
which are not sufficiently distinct to permit us to consider the bodies as dif- 
ferfi^nt, aiid yet they are evidently not exactly identical. In such cases the 
diagrammatic method of showing the linking of the carbon atoms may be 
utftiked to show diat the' difference of properties in two or more forms of the 
same body may be due to different positions of the carbon atoms, with respect 
to each other and to the other elements present. In the lower members of 
the series, on account of the small number of atoms present, it is generally 
impossible to make more than one arrangement ; but in the higher members 
several different arrangements are possible, and each arrangement will have 
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certain characteristic indications, either in the chemical or physical properties 
of the bodies formed. In the series beginning with CH^ no variation of 
arrangement can be made in the carbon atoms in the first three members, but 
in the fourth member, tetrane, C^Hjg, we may have no carbon atom united to 
more than two other carbon atoms, or we may have one carbon to three other 
carbon atoms : — 

First Form. Second Form. 

H H H H H H H 



H^— C— C— C-^C^H H C-^C-— C 



H 



UU i 



A 



or CH,CH,CH,CHj 



H— C— H 



or CH8CH(CH8)CHj 



In the second compound, the CH„ which stands rather apart from the re- 
mainder of the molecule, may be regarded as a substituting molecule ; and the 
number of isomeric modifications of which any body is susceptible will depend 
on the number of points at which the substitution can take place. We might 
formulate the two forms of tetrane very simply thus : — 

C^Hjo, ordinary tetrane. 05117(0113), methyl tritane. 

The distinction between such isomeric modifications may often be obtained 
by determining the substances produced, when the different bodies are sub- 
jected to the same decomposing influences. 

Classification of Organic Bodies. — No system of classification of organic 
chemistry is entirely satisfactory. The following will suffice for this work : — 
Hydrocarbons (bodies containing and H). 
Derivatives from the hydrocarbons. 

Fatty series (open carbon chains) : Alcohols, ethers, aldehyds, acids, 

sugars and starches, oils and fats. 
Aromatic series : Benzene and derivatives (closed carbon chains). 
Oompounds containing nitrogen. 

Oyanogen derivatives, ammonium derivatives, alkaloids, azo-com- 
pounds, protexds. 
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HYDROCARBONS. 

The compounds of carbon and hydrogen are very numerous. Carbon being 
a tetrad, the highest quantity of hydrogen which can combine with carbon is 
four atoms. In the compound CH^ we have the type of the hydrocarbons ; 
all other compounds of this class may be regarded as derived by subtraction 
or substitution, or both. 

If we substitute for all or part of the hydrogen in CH^ its equivalent of any 
other substance, we will not disturb the chemical nature ; it was a saturated 
hydrocarbon, and remains so. Hence, CCl^ will be referable to the same 
group as CH^. By successive subtractions of H from CH^ we may obtain a 
series of radicles, the valency of which will be equal to the number of hydro- 
gen atoms removed. CH, lacks one atom of H ; it is a monad radicle ; CH, 
is a dyad, CH a triad, while C, of course, is a tetrad. From each of the 
intermediate molecules — ^hydrocarbon radicles they are called — derivatives may 
be obtained, comparable in the main to the derivatives which the elements 
themselves yield. Thus, CH, may yield a chlorid, bromid, hydroxid, sulfate, 
etc., analogous in formulae to the same compounds formed by the elements 
of the potassium group. From CHj compounds may be obtained analogous 
in formulae to those from dyad metals, and so on. In addition, these radicles 
have substitution power, that is, they may replace the hydrogen of other 
organic compounds. Each of these radicles and each of their derivatives may 
constitute the first member of a homologous series. A system of nomenclature 
by terminations has been adopted to distinguish the different series ; the vowels 
are used in regular order, and the syllable yl indicates uneven valency. The 
number of carbon atoms is indicated, except in the first two members, by syl- 
lables formed from the Greek numerals. 

It does not necessarily follow that all these bodies have been obtained, but 
most of them are known, and the others could doubtless be prepared. The 
members of each vertical column are homologous with each other. 

The members of the first series being saturated hydrocarbons, are practically 
indifferent to chemical agents. Common parafHn is one of them, and the 
series has, for this reason, been called ^<t paraffins ; the members of the third 
series have been called the olefins, from the former name of one of the mem- 
bers of it. 

The following table will be sufficient to show the principle of the above 
classification :^ 



los 
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Series Series Series Series Series 

123 45 

&tn, Ponhula Geii. Foimuld Gen. TdttAaXd Gen. Pormuta Gen. l^otmnla 

Gfl H211 + 2. Cfi H211 -f r. Cfl Hah . Cn H211 — 1. Cn Han — 2. 

Vilettcy. 



Vdeflty. Valency. 



Vdliency. Valencf. 






I 


II 


III 


IV 


MedMHM. 


Methyl. 


Mcthede. 


MethenyL 


Methine. 


CH4 


CHj 


€H, 


CH 


C 


Eattne» 


Ethyl 


Btheoc. 


£theii^. 


Ethine. 


G^ 


C»H, 


C^4 


C,H, 


C^, 


Tritanei 


Trityl. 


Triteiie. 


Tntenyl. 


Tritine. 


C,H, 


G,H, 


^Hj 


C,H, 


C^4 


Tetmie. 


Tetryl. 


Tctrene. 


TetrenyL 


Tetrine. 


^4^^ 


C,H^ 


CJti, 


C4H, 


C^H^ 


Pentantf. 


Pentyl. 


Pentene. 


PeBtmyl. 


Pe&tine. 


^^1*^ 


qjH„ 


CjH^ 


C,H, 


C^H, 


Hexsne. 


HeityL 


Hexeoe. 


Hei^cnjl. 


Hexine. 


^IB^M 


C^rt 


^H,^ 


^6^11 


C^Hu^ 



PARAPFlfIS O^ MfiTHANE SfiRIES. 

These are saturated molecules not easily affected by chemical agents. 
Many of them are found in petroleum. 

Methane^ Marsh Gasy CH^. — This is a colorless gas existing in common 
coal gas, being formed during the destructive distillation of coal. It is also 
produced by decay of vegetable matter, especially under water, and hence, 
is frequently found in marshes, whence its name. By stirring the bottom 
of a marshy pool, bubbles of methane will escsq^te. 

Common* Paraffin exists in petroleum and in coal tar. It is a mixture of 
several of the higher members of the series. It is a white, waxy solid, 
ea^ly Visible, soluble in ether, little acted on by acids or alkalies. It is 
used for a protecting coating in chemical apparatus, and as a substitute and 
sometimes as an adulterant for wax. Cosmolin, vaselin, and similar sub- 
stanees are-alsa in part sc^t paraffins. 

Derivatives of the Parafifins. These bodies are not very easily acted 

upon by chemical agents, but substitution compounds may be obtained by 

direct action of chlorin, and even bromin, upon all of them, and nitro-com- 

pounds may also be produced directly from some of the higher members. 
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j&f successive subiseittltion of the hydrogen in CH^ we get fbtnr bodies which 
may be given as an illustration of the nomenclature of this kind of com- 
pounds : — 

Methane, CH^ 

Monochlorinated methane, CH3Q 

Di " " . . . . ' CHjClj 

Tri " " CHCl, 

Carbon tetfaCuitindy •••.••••••>••••• CCI^ 

The third substitution is the very important body, Chloroform, CHCI3. 
When pure it is a colorless, fragrant liquid, very volatile, specific gravity 
1.48, not easy to bum, insoluble in water^ and much heavier than that liquid. 
It boils at 142^ F. (61^ C), has high solvent powers, and is a valuable 
ansQsthetic. 

JodtfrrMfi GHI9, ifr BOW much used as an antiseptic, especially in surgery. 
If cannot be dbtftined by direct substitution, but is easily made by the action 
of iodin on a mixture of alcohol and potassium hydroxid. It forms bright 
yellow crystals. 

Carbon tetrachloride CCI4, is the final result of the substitution of chlorin 
for the hydrogen of methane, CH^. It is a colorless liquid of specific gravity 
1.56, freezes at — 90 F. (—23® C), and boik at «72® F. (77® C). It is a 
powerful anesthetic. 



METHYL SttRtftS. 

This is a series of monad radicles which are usually called the alcohol 
radides because their hydroxids are the common alcohols. 

Derivatives; ^om the MetUyl Series. 
Normal oxids, called btHERS. 

(CH,)20 . . Methyl ether, analogous to NasO, sodium oxid. 
(CjH5)jjO . . Ethyl ether, " " « « 

Compounds with halogens, sometimes called ethers. 
(CH,)C1 . . . Methyl chlorid, analogous to NaCl, sodium chlorid. 
(C5H,i)Cl . . Amyl " " " « " 

Compounds derived from acids, called compound ether or esters. 
(CH3)2S04 . . Methyl sulfate, analogous to NasSO^, sodium sulfate. 
(CjHjJNOj . Amyl nitrate, " NaNO^, sodissssxTc&t^'t. 
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The compounds analogous to the acid salts are sometimes called VINIC 

ACIDS. 

(CjjH5)HS04 . Sulfethylic acid, analogous to KHSO^. 
(C5Hii)HS04 Sulfamylic " " " 

Hydroxids, called alcohols. 

(C,H5)HO . . Ethyl alcohol, analogous to KHO. 
(C5H„)HO . Amyl « « " 

Compounds containing two different radicles, called MIXED ethers. 

(CH3)(CjH5)0 Methyl-ethyl ether. 

Chlorids, bromids, hydrids, etc., are known, and many substitution com- 
pounds. 

Each set of compounds here mentioned constitutes a homologous series. 

In general, when alcohols are oxidized by a limited amount of oxygen, two 
atoms of hydrogen are removed and no oxygen is added. When oxidized in 
a free supply of oxygen, an atom of oxygen takes the place of the removed 
hydrogen. The bodies produced in the first case are aldehyds, in the second, 
acids. In this way we have — 

Ethyl Ethyl 

Alcohol. Aldehyd. 

(C,H5)HO + O = Cflfi + Ufi. 

Acetic Acid. 
(C,H5)HO + O, = QHp, + H,0. 

Thus each alcohol may be made to 3rield an aldehyde and an acid, each of 
these forming one of a homologous series. 

The series of acids is very important ; many of them exist in fats and oils, 
hence, they have been called fat-acids. The following table gives a con- 
spectus of some of the most important . derivations of the methyl series of 
hydrocarbons. Of the hydrogen that remains in the acid one atom is replace- 
able by any positive element or radicle, so that we generally write it apart 
from the other atoms, as in HCHO,, formic acid. In the table on the next 
page only a few examples of the compound ethers are given. 
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It is shown in the explanation of the nature of acids tljiat th^ fuqction of an 
oxygen acid is dependent upon hydroxyl, and that the basicity of such acid 
is equal to the n\imber of hydroxy! groups present. In oonsequfnce of the 
feebly positive character of the hydrocarbon radicles, the function of any hy- 
droxy! in an oiganic lx>dy wil! be influenced by the numl)er an4 position of 
the negative atoms also present. Accordingly we find many organic hydroxids 
in which neither strongly acid nor strongly basic properties can l^e recognized. 
Thus, common alcohol, QH^HO, acts upon both sodium and sodium hydroxid 
to form the body NaCjH^O, which is called sodium ethylate. In this, how- 
ever, ihe alkalinity of the sodium hydroxid is not much dimiuishcd. When 
acetic acid acts upon the same substances, sodium acetate is fonned, which is 
neutral. The difference between the relations of the hydroxyl in fdcohol and 
acetic acid is shown by graphic formulae — 

Alcohol. Acetic Add. 

H H HO 

H-^C— 0— H H— C— C— O-^H 

U k 

Hydroxyl that is united to carbon, which is in turn united to oxygen or 
other negative body, is known as add hydroxyl. The molecule, CO, is 
known as carbpnyl, and its combination with hydroxyl, COOH, is called car- 
boxyl. No organic body can be properly called an acid i^iless it contains 
hydroxyl associated in this manner with a strongly negative radicle. It is 
especially carboxyl which is found in oi^anic acids, and the numjber of car- 
boxyl molecules determines the basicity of the acid. Hydroicyl that is 
connected directly to unoxidized carbon, that is, is not in the carboxyl or anal- 
ogous condition* does not confer acid properties and is known as alcoholic 
hydroxyl. 

Methane may be taken as the type of all open chain compounds, these 
being represented as derived from it by substitution of the hydrogen by various 
elements or radicles. Each substance so formed may be named in accord- 
ance with the substitutions that may be supposed to have occurred. 

Thus, by successive substitution of the radicle methyl we get a series of 
hydrocarbons homologous with methane. 

CH^ Methane. 

CH,(CH3) . • Methyl-methane (ethane) 

CH^(CH^)^ Dimethyl-methane (tritane). 

(^H(CH^)g ...,,... Trimethyl-methane (tetrane). 
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By substitution by hydroxyl we get the alcohols — 

CH3(HO) Hydroxymethane. 

CH,(HO), Pihydroxymethane. 

CH(HO)8 Trihydrojtymethaiift. 

By simultaneous substitution by a hydrocarbon radicle and hydroxyl we get 
alcohols homologous with the above. 

CHj(CH3)(HO) , . Hydroxymethyl'methane (hydroxyethane). 
CH(CH5),(HO) . . Hydroxydimethyl-methane, 
CH(CH5)(HO)2 . . M^thyldihydroxymethane. 

Simultaneous substitution of oxygen and hydroxyl ipay develop in connec- 
tion with the carbon atom, the molecule COOH^ carboxyl, and thus produce 
an acid. Substitution of the remaining hydrc^en at(»n by methyl will ^eo- 
duce a homologous acid. 

CH(HO)0 Oxyhydroxy-methane (formic acid). 

C(CHa)(HO)0 .. . . . Oxyhydfoxymethyl-metiiane (•cfltic acid). 

In the higher members of the series, the substitution may involve either the 
hydrogen of the methane or that of one of the substituting radicles. 

CH(CH3)3 Trimethyl -methane. 

CH(CH,CHj)(CHj)j ..... Dimetiiyl-methylmethyl-methane. 

Numerous isoiQeric fgnns are therefore observed in th^ :lugber miyplji^^rf of 
the series, depending on the position of the substituting radicles. 
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CONSPECTUS OF MONATOMIC ALCOHOLS. 









Boiling Point. 




Systematic 


Common 
Name. 


Sp. Gr. 
approx. 








Name. 






Source. 


■ 






F. 


C. 




Methyl 


Wood spirit 


0.798 


151 


66.1 


Distillation of wood. 


Ethyl 


Alcohol 


0.793 


173 


78.3 


Fermentation. 


Trityl 


Propyl alcohol 


0.820 


206 


96.6 


« 


Tetryl 


Butyl " 


0.803 


233 


112 


(( 


Pentyl 


Amyl " 
Fusel oil 


0.81 1 


270 


132 


(( 


Hexyl 


Caproic alcohol 


0.819 


309 


154 




Heptyl 


CEnanthic ** 




343 


173 


Action of KHO on castor 
oil. 


Octyl 




0.871 


356 


180 


From parsnip oil. 


Nonyl 






392 


200 




Decyl 


Rutic " 




414 


212 


Oil of rue ; fuses at 44.5° 
F. (7^ C.). 


Dodecyl 


Laurie " 








Whale oil ; fuses at 75<» 
F. (240 C). 


Tetradecyl 


Myristic ** 










Hexadecyl 


Cetyl . " 






• 


Spermaceti ; fuses at 1 12<» 
F. (90° C). 


Octadecyl 


Stearic " 
Cerylic « 
Melissic * * 








From stearic acid ; fuses 
at 1380 F. (59° C). 

Chinese wax; fuses at 
1740 F. (78° C). 

Beeswax; fuses at 185® 
F. (850 C). 



Methyl alcohol J (CH3)H0, wood spirit^ is usually made by distilling wood. 
The crude material is difficult to purify. Pure methyl alcohol is colorless, 
and of pleasant odor. It boils at 152° F. (66.5° C), and its effects on the 
animal system appear to be less severe and more transient than those of com- 
mon alcohol. Methylated spirit is a mixture of 90 parts conmion alcohol 
with ten parts methyl alcohol. 

Ethyl alcohol J (CgHj)!!©, common alcohol^ spirit of wine, is produced in 
the vinous fermentation of sugar, carbon dioxid being the only other product 
formed in large amount ; it can also be prepared artificially. On the large 
scale the sprouted grain called malt is generally used. The general nature 
of the fermentation is explained in connection with the sugars. The fermented 
spirit is concentrated by distillation, but the strongest thus prepared contains 
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about five per cent, of water. To withdraw all the water, it is necessary to 
distill with quicklime or calcium chlorid, by which absolute alcohol v^ formed. 
This is inflammable, absorbs water and mixes with it in all proportions. 

Proof-spirit contains 50.8 parts by weight of absolute alcohol to 49.2 of 
water, and has a specific gravity of 0.920. Commercial alcohol is a colorless 
volatile liquid, of which the properties, effects, and uses are well known. It boils 
at about 180° F. (81° C). Alcohol is contained in wine, beer, and spirits; 
certain essential oils, sugars, or extracts being employed as flavoring agents. 
Whisky, brandy, and other spirits contain from 40 to 50 per cent, of alcohol ; 
wines, from 17 (Port and Madeira) to 7 or 8 (hock and light clarets) percent.; 
porter and strong ale contain from 6 to 8 per cent. , lager beer about 4 per 
cent.; the mild fermented liquors known as mead, root beer, spruce beer, 
contain from ^ to I per cent. The effervescence of fermented liquids is 
due to the carbon dioxid which is produced with alcohol, thus : — 

Glucose. Alcohol. 

CjHijOj breaks up into 2CjHjO -f- 2CO,. 

The carbon dioxid is retained by bottling the liquid before the fermentation 
is over. 

Isomeric Forms of Alcohols, — Methyl and ethyl alcohols present only one 
form, but a number of isomers of the higher alcohols have been obtained. 
Comparison of these isomers has led to their division, according to a supposed 
arrangement of the carbon atoms, into three groups, primary, secondary, and 
tertiary alcohols. 

Primary alcohols contain the group CH^OH joined to one alcohol radicle ; 
secondary alcohols contain the group CHOH joined to two radicles, and tertiary 
alcohol contains the group COH, joined to three radicles. 

The graphic formulae show this principle best. 

H H H H H H H 

H—O—C^-C— C— C—H H— O— C C— C— H 



H— C— H 



I 



Primary Tetryl Alcohol. Secondary Tetryl Alcohol. 

(CsH,)CH20H. (CH,)(C,H5)CHOH. 

In secondary tetryl alcohol an atom of asymmetric carbon exists, indicated 
(as is now often, done) by an italic C. 
8 
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Tertiary Tetryl Alcohol. 
(CH,),COH. 

Pentyl Alcohol, Fusel Oil, (C5Hu)HO.— The nuiicle C|Hjj ^as bc^ called 
amy], and this alcohol is generally known as amyl alcohol. It is a by-pro- 
duct in fermentation, and is ibuod in raw spirits Mid oew liquors. When 
pure, it is a colorless, oily liquid, with a peculiar odor, a hot and acrid taste, 
and decidedly poisonous action. 

The alcohols derived from the higher radicles are mostly wax-like. 

ETHERS. 

The primary alcohols, by the action of bodies which have an affinity for 
water (sulfuric and phosphoric acids), are converted into oxids, called ethers. 
A compound ether is the replacement of the hydrogen of an acid by one or more 
molecules of a hydrocarbon. The only simple ether of any importance is — 

Ethyl oxid, (CjHj),©, common ether, often wrongly called sulfuric ether, 
usually made by the action of sulfuric acid upon alcohol. Acid ethylsulfate 
is first formed and then decoii^posed ; — 

Alcohol. Acid Ethylf ul&te. 

(C,H5)H0 -t- H,SO, = (C,H5)HS04 -f H,Q. 
Another molecule of alcohol is then acted upon, thus : — 

^tbcr. 
(C,H5)HO -f (qH5)HSO, = H,SO, -f {Cfii^fi. 

Ether b a colorless, very volatile liquid, of distinct odor, boiling at 98^ F. 
(37° C). Specific gravity 0.723. Its vapor is inflammable and very heavy. 
It is a solTenl for fato, fixed and volatile oils, resin«, and mAsy other proxi- 
mate principles. Its anesthetic uses are well known. 

Coiinpcuxid 9U|tr9' — Many of the«9 hi^ve mai:!^ odor ^x^ «re the 
flavoring materials of flowers and fruits. Tbej cap niqsdy b* ma4* wU$' 



dally, and various mixtuMt of dfeen ifft w/bam^m^ wed im wulating 
flavors. 

E^Ay/ bromidy C^H^Br, is an a^estj^etiq. 

Ethyl nitrite^ CjHjNO,, is one of the ingredients of the old remedy known 
as sweet spirit of nitre. 

P^niyi mtri$ey C^H|jl^,, often eatled amyt nitrite , is made by the action 
of nitric acid upon pentyl (amyl) alcohol. It is a yeHewish liquid, ef well- 
marked odor, boiHag at 105^ F. (9^^ C). 

By the amotion of potiii^siwBi or sodium upon a^ohi^ bodies having 
caustic pfoperties are ^ained^ Thus, with sodium 9«4 eomKKm alcohol, 
tine reactkni is )* 



CH^HO + N^ = CjHfi^NftO + H. 

QHjNaO is called sodium ethylqie ; it is a. caustic liquid, which has been 
employed as a^ ^attooi^. 

QULFUR Al'COHQLS, M^RQAPTANQ.— T^ oxygen of Qrganic 
bodies, as of Organic bodi/e^a may b^ replaced by ap;|r other ^ lem^nt of the 
o:!cygen grpi\|>. Etl^yl alpphol, for instanc^jtha? a corresponding sulfur com- 
pound, C,Hg^S9 called mercaptan ; its proper nam^ is ^hyl hydirosulfid. 
Corresponding others ^so are knpwQ ; thu« (Cj^Hj^^, etUyl s.^lfid- H^ese 
sulf^r derivatives are mostly strpng-smelling ^d irrimjng goippQvnds.. A 
few of them exist ready-formed in the secretions of animals and plants. 
Ilia eaiential oils of miistaid and gavUt amanlftiF ooa^Boiliids, and are notieed 
elsewhere. 

ALD£HYD9S.wT.111^es^ «re the resi^U^ qi the remo^iF^l of twcK »toms of 
hydrogen fropi tb/^ ^^b o li^ f^id stand iatennf^ate between tlpie^fe^ a^4 the 
acid. Ethyl aldehyde^ often called 4ifiik ^l^hytdf^ or simply iUekhydey 
CgH^O, is often present in liquors, especially in raw forms of commercial 
spirits, and probably gives to sucli. articles some of their injurious qualities. 
It is a colorless, volatile liquid, lighter ^»n water, and boiling at 70^ F. 
(21^ C), having a powerful affinity for oxygen, and therefore a reducing 
action. It presents several isomeric modifications, one of which, /ara/^^- 
hyde — ^to which the formula C^HnO^ baf been assigned — ^has decidedly 

i^urcotic 9CQS>f«Ues, ^s^ \^ been used ^ a substUtmtf lor i^orphkie* ftc. 
AU the al4il^4es of the series Coirm iwmerQius cQiQpUcAted c(^m|^\wds Qf 
greM (^u;qMP9l inti^^U bwt mo^ a^e ^ yet oCUttk piaQti^ v«j^ 
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The structural formula of common aldehyde 

H O 

hJO- 



-H 



A 



It will be noted that no hydroxyl is present, and hence aldehyde has neither 
acid nor basic properties. 

Chloral. — By substituting three atoms of hydrogen in aldehyde, by chlorin, 
we obtain a colorless liquid heavier than water (specific gravity I.l8), and 
boiling at 2010 F. (94° C). This is chloral, CjHCljO. It combines with 
one molecule of water to form a crystalline, pungently-smelling solid, soluble 
in water, which is now used under the name of chloral hydrate (not hydroxid). 
It was originally suggested as a h3rpnotic, on account of the decomposition 
which it undergoes in alkaline solutions, as shown in the following reaction :— 

Sodium Sodium 

Chloral. Hydroxid. Formate. Chloroform. 

CjHCljO + NaHO = NaCHO, + CHCl,. 

Formaldehyde, CH^O, has much practical as well as theoretic interest. 
It is a powerful antiseptic, preserving thoroughly many perishable articles, 
milk, etc. It is also a powerful reducing agent. It is considered as the start- 
ing point in the formation of the so-called '* carbohydrates " of plants. Its 
formula multiplied by five gives CgHj^Oj, pentose, various forms of which are 
common in plants, and by easy changes may produce the sugars and starches. 

KETONES. — By the destructive distillation of calcium acetate, a body 
called acetone, CjHjO, is formed, differing from aldehyde, CjH^O, by CH,. 

Acetone is the type of a group known as the ketones y which are products 
of the various reactions, for instance, of destructive distillation. 

They contain carbonyl, CO, united to two monad radicles. Common ace- 
tone, for instance, is a dimethyl ketone — 

CH3. 

)CO 
CH.^ 



FAT-ACIDS. 

This term, applicable strictly to only a few of the series, will suffice to dis- 
tinguish the homologous bodies derived from the alcohols by substitution of 
two atoms of hydrogtn by one atom of oxygen. They form an extensive and 
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important class ; nearly all of them are natural products. The fixed oils and 
fats contain some of the higher members of the series. Some have been pro- 
duced artificially by a reaction, of which the following is a type : — 

Ethyl Alcohol. Acetic Acid. 



nyi Aiconoi. Acetic Acia. 

CjHjO + O, = CjH^O, + H,0. 



Each of the acids so produced contains one carboxyl group, the hydrogen 
of which can be replaced by a positive element or radicle, and it is usual to 
designate this fact by writing the formula with the carboxyl separated from the 
others, as shown in the following cases. The lower members of the series 
are freely soluble and miscible with water, strongly acid and irritating, but as 
the quantity of carbon and hydrogen increases, the compounds become more 
and more oily, and the higher members are distinctly fatty, feebly acid, insolu- 
ble in water, but soluble in alcohol and ether. 

Formic Acid, HCOOH, originally prepared from the ant, can be made by 
a nimiber of methods. It is a powerful reducing agent, blisters the skin, and 
has nearly the same boiling and freezing point as water. 

Acetic Acid, CHgCOOH. — This occurs in small quantities in animal and 
plant juices. In the dilute form it constitutes vinegar, which contains from 3 
to 6 per cent, of the acid, and is usually made by oxidizing dilute alcohol in 
the presence of a ferment. Acetic acid is also produced in the distillation of 
wood, being in this case generally contaminated with tar, and called pyroligne- 
ous acid. When pure, it is a colorless, corrosive liquid, solidifying at 62.6° 
F. (170 C), and boiling at 246® F. (1190 C). This is glacial acetic acid. 
The dilute forms are less active, and in vinegar its effects are quite mild. 

Acetates. — The most important of these are : — 

Sodium acetate, NaCjHjO,, which forms deliquescent crystals, containing 
3H,0. 

Ammonium acetate, (NHJCjHjOj, is used in medicine in the form of a 
solution in water, called spirit of Mindererus. 

Lead acetate, Pb(CjHj02)2, sugar of lead, made by dissolving lead monoxid 
in acetic acid, forms white crystals, soluble in water. By boiling this solution 
with lead monoxid, a considerable amount of the latter is dissolved, and the 
sub-acetate, more correctly oxy-acetate, is formed, called Goulard's extract, 
and when much diluted, lead water. 

Copper acetate, QM{(Z^fi^^, is not important ; but an irregular and varia- 
ble compound of it with copper hydroxid, known as verdigris, is made by 
exposing alternate layers of sheet copper and refuse grape skin& toO^&«».\ 
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hikiji ahc^l is forfiied und then tonfttttA into acetic acid which actt on the 

^h^fie ateiiat, Pe,(<:,HjO,)j, is nsfcd iii medicine. 

Ferrous acetate^ l^^^^jd^^. — An impure form obtained by dissolving 
iron in crude acetic acid ; is used in dyeing. 

Aluminum acetate, h\j^QJAJ^^^ is Used in dyeing^ iand Calico printing. 

Bq^Mc (T«tfgrltc) Aeid, QHyC00H.^1rhi& may ht obtained from but- 
ter-fat^ and frdtti some fruit flavors^ and also by fermentation of sugar with 
cheese and dhalk. It ii a eolorleM Hquid having the disagreeable odor of 
rancid butter. 

Valeric (Pentylic) Acid, C^H^COOH, is found in vderian roof and in 
other plants. Four isomeric modifications are possible, of which three are 
known. They have difTcrent specific gravities and boiling points. The 
ordinary form is a colorless liquid of a disagreeable odor. Several valerates, 
biten called valerianates, are used in medicine ; among these are those of zinc 
idid atnmoniutti. 

IStearic Acid can be obtained from most of the solid animal fats, and from 
some vegetable fats. It is a white, crystalline body which can be distilled. 
It is insoluble in water. Among other uses for it is the manufacture of can- 
dles. The white candles called stearin aife generally made of stearic acid. 

Salts of the Higher Fat-Acids. — By substituting the single atom of 
replaceable hydrogen of the fat-acids we obtain a series of bodies all of 
which might be called *< soaps," but it is only with the higher members of 
the series that the peculiar physical and chemical characters of the soaps are 
seen. The derivatives of the lower members are generally soluble in water, 
bat in the higher menarbei^ most of the compounds are insoluble, except those 
fonned by p<iCas«tim, siddftmi, and ammionitmi^ Wi^ lead, calcium, and zinc, 
for instance, we get iiisoliil:^ soaptt. 

ETHBRS OF THE FAT-ACIDS. 

The momd ateAol radicles ghre irith diese acfds compounds which are 
more or less volatile and odorous. They are known as compound ethers or 
esters. The general method of preparation is to heat a mixture of the sodium 
salt of the proper acid with the alcohol containing the proper radicle and 
sulfuric acid. Thus, to produce ethyl acetate we would heat sodium acetate, 
ethyl alcohol, and sulfuric acid : — 

CjHjHO + NaCjHjO, + H,SO^ = C^f.^f>^ -f NaHSO^^ -f H^O. 
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Bf tmog pcfltyl jloobol and sodnim ralentc, pentjl (an^) Tiknte is fanned, 
andfooD. Amjrl acecate coosdtntes banana essence ; an^ vaknte is apple 
tuenctf awjl hatjnte has the odor of pine-s^iples. Bj Tnions mixtims of 
these Mod olber etben ahnost anj flaror ma^ be imitated. 



SUBSTITUTION DERIVATIVES. 

The hydrogen that is part of the radide of these adds maj be sabstitoted 
Iff memben of the dilorin groiq>, paxticiilarly by dilorin ttself. Fiom acetic 
we get three compooDds, all of which dosely resemble the original add : — 

HCjHjO, Acetic add. 

HC,H,aO, Monochloracetic add. 

HCjHCip, Di 

HCCljO, Tri 

These conqxnmds are nsnally obtained by the direct action of chlorin. B j 
indirect means, the use of phosphoric chlorid, for instance, the chlorin may 
be made to replace the hydroxyl of the add ; in this manner the add proper- 
ties are removed, and chlorids formed with the add radides. Acetic acid 
gives the following : — 



U €€ 

It U 



Acetic Add. Acetyl Chlorid. 

CH,cxx)H + pa^ = cHjCoa + poci, + hcl 

Similar compounds may be obtained from bromin. 



OLEFINS, OR METHENE SERIES. 

The second member of this series, ethene, QH^, was called, when first 
discovered, oleBant (oil-making) gas, J>ecause it combines with chlorin to form 
an oily licjuid ; for this reason the series has been called the olefins. They 
are dyad radicles, which form alcohols, ethers, and other derivatives ; but 
these derivatives are greater in number than from monad radicles, on account 
of the higher valency. Two series of acids are yielded by the action of oxy- 
gen on the alcohol, instead of one, as in the case of the monad radiclr s. 
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Name. 



Ethene . . 
Tritene . . 
Tetrene . . 
Pentene . . 
Hexene . . 
Heptene 
Octene . . 
Nonene . . 
Decene . . 
Pentedecene 
Hexdecene 



CaoH, 



eo 



Melting Point. 



F. 



144 



C. 



57 
62 



Boiling Point. 



F. 



C. 



Gaseous. 



0.4 

33.8 
95 
149 
205 

248 
284 
320 
482 
527 
752 



—18 
I 

35 

65 
96 

120 

140 

160 

250 

275 

400 



The ratio between the weights of the hydrogen and carbon is the same in 
each member of the series, so that the percentage composition is the same 
throughout the series, but the molecular weight increases. The members of 
the series are polymeric isomers. 



DERIVATIVES. — The olefins combine directly with the chlorin group 
to form dichlorids. Ethene dichlorid, CjH^Cl,, was originally called Dutch 
Hqutdf because discovered by an association of Dutch chemists. 

By indirect means oxids and ethers may be formed and also hydroxids, 
containing, of course, two molecules of HO and known as Diatomic Alco- 
hols or Glycols. Each of these alcohols yields by oxidation two acids, 
one derived by the replacement of two atoms of hydrogen by one atom of 
oxygen, and the other by the replacement of four atoms of hydrogen by two 
atoms of oxygen. The first is the iacHc acid series ; the second, the oxalic 
acid series. For instance, ethene glycol gives the following : — 

Glycolic Acid. 
C,H4(H0), + O, = H,0 + HOCHjCOOH. 

Oxalic Acid. 
C,H^(HO), + 04 = HjO + COOHCOOH. 

Oxalic acid is, therefore, dicarboxyl. Methene glycol, CH2(HO)2, has not 
been obtained. By oxidation it could form but one acid, carbonic, (HO)jCO, 
which may be regarded as the first member of the first series. 



OKGAHlC cBE^tsTlty. 



lUdkk. 


SS'. 


"ffl? 


*asr 


Acidi^^cmd 


C,H, 
CH, 


C,H.O 
C.K.O 


CiH.(HO), 
C,H.(HO), 


Glycoiieacid. 

Li?"'.°td 

OiybutvAc'acld. 





irtie acids <rf the fiist, containiag one molecule 
poe molecule of catbox^l, are calltd hydtoiy-acidf 

Etheae oxid, C,H,0, is isomeric with common 
ticdl *ith it. 

Acid Derivatives of tlie GlyColB.— Tbese are 
lirsl (lactic] series is monobasic, that is, has a ! 
h^dn^n ; the second (oxalic series) is dibasic, ' 
pqitacMble hyAugta. 

.LACTIC SERIES. 



of alcoholic hydroxy! a 
aldehyde, but is not idi 



important. The 
n of replaceable 





Formula. 


Melling Pt. 


Boiling PI. 






F. 


C 


F. 


C, 




Glycolic . . 
Uotic . . . 
Onybutyric . 
Oxy*ttTerie . 
Leucic . . . 


C.H.O. 

C.H,0, 
C,H„0, 


176 

i;6 
164 


So 

So 

93 


.„ 


too 


By oiidMioo ot ethene 
glycol. 

By fenncnialion of milk 
sugar. 

By oxidation of butyrie 
acid. 

By oxidation of valeric 
acid. 

Occnrsin Mliioal products j 
also formed by decom- 
position of horn, glue. 



Lactk Acid, (HO)C,Hj(COOH). — This important acid exists in at least 
three isomeric mo<filTcations. 

(a) Ordinary lactic acid exists in gastric juice, and is a product of fermen- 
tation of milk auga)-. It is a colorless, sympy , very sour liquid, vhich has not 
yet been obtaiiled in the solid state. Il can beobtained in quantity by allow- 
Jng a mixture of iane sugar, cheese, sour milk, and chalk, or duC oxtd, to 



5XAlt<i S£)tt£^. 



idd 



fellflfcirt fur Stt^Ml <}ft^. Thi^ Insulting calcitttft o^ zkic IdctMie cwl be pttti- 
fied and the lactic acid obtained from it. 

{d) Pandactic acid aad (^) ethene-lactic acid, two isomers of ordinary ketic 
acid> occur tc^ether ia muscular tissue, and were f<»inerl3r included under the 
title sarcolactic acid. 

Sevend lactates are used in medidne. Lactic add is one of the i>rodacts 
6f the growth of fungi around the teeth, and is an hnportant factor in dental 
ctffes. 
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Name. 



Oxalic . . 

Malonic . 

Succinic . 

Pyrotartaric 

Adipic . . 

Piitaelic • 

Suberic . 

Anchoic . 

Sebadc . 

Rocellic . 



Formula. 



H,C,Gt 
C,H,0, 

cXo! 

C,H,A 



Melting Pt. 


F. 


C. 


• • 
284 


• • 

140 

180 


234 


112 


284 


140 


273 


134 


257 


125 


241 


116 


261 


127 


270 


132 



Source. 



Oxidation of dugat, starch, abd 

cellulose. 
Oxidation of malic acid. 
Distillation of amber ; oxidation 

of fat-adds. 
Action of heat on tartaric acid. 

" ' " nitric on sebacic acid. 

" ** potassium hydroxid oil 

eatnphoric add. 
Action of nitric acid on cork or 

castor oil. 
Action of nitric add on coconut 

oil. 
Distillation of oleic add. 
Exists in some lichens. 



Oxalic Acid (COOH),. — ^The free add and its salts, especially acid potas- 
sium o^atkte, otctti* in matiy plants, generally in the form of crystals — called 
raphtde$^^e|36sited in ^dal cells in the leaves or stems. 

Oxalic acid forms colorless crystals, haying the composilioii H2C204,2H20. 
It is freely soluble in water, and is one of the most rapidly fatal poisons 
known. Deadi has occurred in ten minutes after administration. The anti- 
dote is limei Preparations of the acid are sold under the misleading names 
of salt of sofrel, and salt of lemon, and used for taking out ink stains. 

Ammonimm oxalate^ {^lH^^Cfi^^f forms white crystals, soluble in water, 
aild mttek used as a test for calcium compounds-. 

Caieitm €»Miey OsiCfi^y is thtown doWn as a white precipitate by adding 
ail oxalate ft> dafelttte ebloi4d. It is tothetimes fotlnd in the trtlnft. vc^xs^six^ 
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scopic octahedral or dumb-bell crystals. In larger masses it constitutes mul- 
berry calculus. 

Succinic Acid, C,H^(C00H)2. — This occurs in amber and other resins ; 
also in small quantities in some animal secretions. It forms colorless crystals, 
soluble in water. 

Somewhat related to the series just described, although not necessarily 
referable to the same radicles, are two important vegetable acids, malic and 
tartaric. The relation is especially with succinic acid, from which they differ 
only in amount of oxygen : — 

Empirical Formulse. 

Succinic C^H^O^. 

Malic QHjOg. 

Tartaric C^H^Oj. 

Malic Acid, H^QH^Og, -occurs in many sour fruits, as apples, pears, and 
mountain ash berries. It may be made artificially from succinic acid. It is 
crystalline, sour, soluble in water and alcohol. The malates are mostly soluble 
in water. Sweet cherries contain potassium malate. 

Tartaric Acid, (H0)jCjHj(C00H)2 is foimd in many plants, but especi- 
ally in grapes, where it exists as acid potassium tartrate, KHC^H^Oj. This 
is somewhat soluble in water, but scarcely soluble in dilute alcohol ; and 
hence, in the manufacture of wine, as the fermentation advances, the quantity 
of alcohol increases, and tartrate deposits as a red mass called argols or tartar ; 
when this is dissolved in water and purified by crystallization it constitutes 
cream of tartar. Tartaric acid presents several isomeric modifications, all of 
which contain asymmetric carbon. The ordinary acid is a crystalline body, 
soluble in water, forming a very sour solution which develops a fungous growth 
and decomposes. 

Acid potassium tartrate^ cream of tartar, is a white crystalline body, very 
sour, and not very soluble in cold water. It is used in effervescing powders. 

Potassium tartrate^ KjC^H^Og, is called soluble tartar. 

Sodio-potassium tartrate^ NaKQH^Og, is known as Rochelle salt. 

Tartar emetic is made by boiling acid potassium tartrate with antimonous 
oxid, by which an atom of hydrogen is replaced by the molecule SbO. The 
formula for tartar emetic is K(SbO)C4H^Og, potassium antimoxyl tartrate. 

Citric acidy (HO)C3H^(COOH)3, is the acid of lemons and oranges, and is 

also found in some other fruits. It is a crystalline body, very sour, and easily 

soluble in water. It is used in the preparation of effervescing mixtures, but 

some of the so-called effervescing citrates contain tartaric instead of citric acid. 
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METHENYL SERIES. 

These are triad radicles. The first member, CH, methenyl, may be regarded 
as existing in chloroform. The most important member of the group h tri- 
tenyl, CjHg, also called propenyl. Its hydroxid, CjH5(H0)j, is glycerol. 
Many of the common oils and fats are compomid ethers of tritenyl, and when 
treated with alkalies, such as sodiimi hydroxid, are broken up ; a new salt 
and tritenyl hydroxid is formed. On tritenyl stearate (one of the ingredients 
of common animal fat) sodium hydroxid — common lye — would act thus : — 

Tritenyl Stearate. Sodium Stearate. Glycerol. 

(C,H,)(C.,H„0,), + sNaHO = 3NaC.,H„0, + C,H,(HO),. 

Sodium stearate is a soap, and the process is saponification. The formation 
of glycerol can also be brought about by the use of superheated steam. This 
method is now generally used, since it gives the fat-acids in the free condition, 
thus : — 

C,H,(C„H„0,), + 3H,0 = C.H5{H0), + 3HCi,H„0,. 

Glycerol (Glycerin), C3H5(HO)g. — Pure glycerol is a colorless, viscid liquid, 
miscible in all proportions with water and alcohol. Specific gravity 1.27. It 
has a marked sweet taste, absorbs water from the air, but does not otherwise 
change. Under certain conditions it can be distilled without decomposition. 
It solidifies at about — 40° F. and C. It dissolves a great many substances, 
standing, in fact, next to water in its range of solvent powers. It is produced 
in small quantity during the fermentation of sugar, hence is often found . in 
ordinary liquors. It is sometimes called the ** sweet principle of fats," but it 
does not exist in fats, and possesses no chemical analogy to them. It is an 
alcohol, and is probably somewhat analogous to the sugars. Its use, there- 
fore, as an application to the skin as a substitute for the emollient oils has no 
chemical justification. 

When treated with strong nitric acid, it forms tritenyl nitrate, CjH5(NOj)2, 
known as nitro-glycerol. This is powerfully explosive, especially by percus- 
sion. It is now extensively used as a blasting agent, being generally mixed 
with some inert powder, constituting dynamite. 

FATS AND FIXED OILS. 

The fats and fixed oils are almost all compound ethers of tritenyl. Most 
of the natural forms are mixtures of two or more distinct ethers. Names are 
applied to them according to the acid from which the ether is derived. Thus, 
tritenyl stearate, C,H5(Ci8Hj502)5, is called stearin ; XxsXsso.'fv Xsvi^^x-a^fc^^^^; 
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(C^Hf Oj),, is called butyrin, and so on. These substances, therefore, consti< 
tute the proximate princ^ks. Tlie &ced ojis aie fits with a low melting point, 
^;Qd may be 4ivi(kd into two classes ; d^iog oU^, wl^icb a^vprb oxygea ^m 
the air, aud become hard and resinous, $uch 9^ linseed and poppy oil ; non- 
drying oiU> which remain fluid, as castor and sperm olb. M«ny f^ts and oils 
undergo partial 4eeompositi<H» in the air, prgducing acid^ ; thi$ is called ran- 
cidity. When ^ alkf li is added to a ^ decoo^tposition takes place, a salt i» 
formed, constituting a 5^914), ^x^A gl;|rcerQl is produced. Soap^ produced by 
potassium hydro^d are i^«uallyso|it; those from sodium hydrQ»d# hard ; those 
made from other oxids are mostly insoluble in water. This latter fact explains 
the curdling action of limestone waters. The calcium fuid magnesium com- 
pounds in these waters produce insoluble soaps. When soluble soaps are 
treated with cold water they deeoiiqK>se into acid s^^lt, which precipitates and 
makes the so{4)suds, and a basic salt, which dissolves and gives the cleanffing 
action. 

The fat-acids may be obtained by adding a strong acid to ordinary soape. 

The fi^ are all insoluble in watear, but are soluble in ether, chloroform, ben- 
zene, and carbon disulfid. They are decomjppsed by heat, and consequently 
cannot, under ordinary circumstances, be distilled. 

The proximate constituents of the common fats are given under condensed 
names, the significance of which is as follows :-r- 

Stearin is tritenyl stearate. 
Pblmitin is « palmitate. 
Maigarin is << margarate. 
But3frin is ^ butyrate 
Oletn is ^ oleate. 

Hum^o fat contains olein «nd pahnitin. 

Oleic acid is not a member of the same series with the other acid9i* Jt 
belongs to a series beginning with acrylic acid, C,H^Q,^ and is eUevher^ 
described. 

The following table of properUesof the important UX^ imd oiU i$ co^dei^^ 
from Allen's tables :— 
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■^T^swrnfotr^T^ JW i i i 



Name. 



Olive . . 
AJpiond . 
Peanut . 
Raps . . 
CotlpuMed 

S«9ame * 
linseed . 
Castor . 
Crotoa . 
F^bn . . 

Coconut 
Neatsfoot 
Lard oil . 
Tallow . 
Lard . . 
Wool fat 
Butter . 
Whale . 
Cod-liveF 

Sperm . 
Spermaceti 



SpuGr.at 



0.916 
0.91$ 
0.918 
0.915 
0.926 
0.922 

0.935 
0.960 

0.950 
Q.^5 

0.874* 

0.915 

0.915 

0.862* 

0.861 

0.888 

0.870 

0.925 

0.927 

0.880 
0.810* 

0.82s* 



I I I I Hi IH ' I J l| 

Meltiss pioiDt, 
Centi^ade. 



+ 4tO 

— 10 to 

— 6to — 

ItQ 

+ 5to 

— 20 to — 27 

— 18 



6 
20 

10 

4 
6 



«S to 3# 

3P^ 34 
20 to 28 

Below • 

4 to -f- 10 

36 to 49 

28 to 45 

29 to 35 



43 to 
62^ 



49 



m *« •••Nlll If F^W^*- 



T«rwTT^^T"i!" 



Distinctive ProadnMilii 
Constituents. 



QUin, palmiti^j i^ixd some iteartq. 

Olein and palm|tin, 

Arachidin and hypogoein. 

Brassin. 

Qlein 4ad stearin. 

Olem and myristii). 

Linolein apd myristin. 

Ricinolein and palmitin. 

Tiglin, cfotonin, awl valeiia. 

CHem sffkd p4JMi«« 

Qleia m^ stc^^rin* 

Laurin. 

Olein. 

Olein, palmitin, and stearin. 



<t 



tt 



« 



it 



tt 



tt 



" butyrin. 
Valerin. 
Olein and myristia. 

[(rom othor radicles tW tri- 
tenyl, and hence do not yield 
glycerin when saponified. 



J 



■'•"p" 



* Taken at 99° Centigrade. 



ALLYL AND DBRIVATIVES.^Allyl^CsH^, is isomeric with tritenyl, 
but unl&e it is a monad, the carbon atoms neutralizing the valency of each 
other more con^letely than in the case of tritenyl. By gn^^hic fonnulse the 
dilfeienee may be thus represented : — 



7ri^yl»Tri«d. 
^ H 

•— O— C— O— H 



H H 

C = C— C— 



AUyl alcqliol i« C^H^HO. AUyl U chiefly interesting on account of the 
occuqp^nce i« na^«^ oi two of ita compounds, allyl sulfid, (C9Hfi),S, wl^ch is 
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mustard. Allyl aldehyde, CjH^O, is one of the products of the decomposi- 
tion of fats by heat, and is the main cause of the irritating vapors which are 
caused by such decomposition. The oxidation of allyl aldehyde gives acrylic 
acid, which is the first member of a series of acids derived from some of the 
fats. The most important of this list is oleic acid. 

Oleic acid, CifH3,(COOH), exists in most natural fats and non-drying oils 
as olein — ^tritenyl oleate. It is solid at 57° F. (14° C). Above this temper- 
atm-e it is a clear liquid, lighter than water, and insoluble in it, but soluble in 
alcohol and ether. Crude oleic acid, made by the decomposition of fats by 
steam, as mentioned elsewhere, is used in soap making, under the name of 
red oil. Various oleates, e. g., copper, bismuth, zinc and mercury oleates, 
are now used as substitutes for ointments. They are usually prepared by the 
reaction of sodium oleate with some suitable compound. Thus copper oleate 
is formed by mixing copper sulfate with sodium oleate. 



TURPENES. 

The molecule CjqHjq represents the composition of a large number of 
volatile or essential oils. These often exist in plants, in association with 
oxidized products of higher boiling point, called resins, constituting an oleo- 
resin. When this is heated the oil distills and the resin is left. Gum is also 
sometimes present, thus making a gum-resin. A balsam is a similar mixture 
containing benzoic or cinnamic acid. Of the volatile oils having this compo- 
sition, the most important is — 

Oil of Turpentine, obtained from turpentine, which is an exudation from 
pine trees, consisting of resin and volatile oil. On being distilled the volatile 
oil is collected in a receiver ; the resin remaining constitutes common rosin. 
Oil, or spirit of turpentine, is a thin, colorless liquid. It is lighter than 
water, boils at 320® F. (160® C), and is a valuable solvent. It is partially 
oxidized in the air. 

By passing air through warm oil of turpentine a partially oxidized product 
is formed, which, when shaken with water, will produce some hydrogen 
dioxid. The oxidized oil is now sold as a disinfectant, under the name of 
«*Sanitas." 

Some of the oils which have the same composition are lemon, bergamot, 

coriander, hop, juniper, and valerian. They are called essential oils, are 

mostly lighter than water, and freely soluble in ether and alcohol. Though 

agreeing in composition, they differ in specific gravity, boiling point, and in 

otJier properties. Many of them, by expoftuxe to air, undergo oxidation 
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and other changes, in time becoming resinous and acquiring an odor some- 
thing like oil of turpentine. 

Many of the essential oils are mixtures of several substances. 

CAMPHORS. AND RESINS.— Plants furnish us ^th a number of 
oxidized turpenes, among which are the camphors and resins, \ 

Common camphor ^ C^qHjqOi obtained from the camphor laqrel, is a white, 
crystalline solid, volatile at ordinary temperatures. -It is slig^ly soluble in 
water, and freely in alcohol and ether. By the action of hydrochloric acid 
on oil of turpentine a body having the odor of camphor is fi^rmed. 

Another form of camphor, called Borneo camphor, has the formula. 

Resins \Dx\\iA<t A large group, of which many are true acids, and form salts, 
constituting resin soaps. 

Common rosin is the residue from the preparation of oil of turpentine. It 
is a mixture of two acids. As a class the resins are easily fusible, insoluble 
in water but soluble in alcohol. 

Amber and copal are fossil resins — ^that is, are found in fossil vegetable 
matter. Lac, mastic, sandarach, and dragon blood are used in varnishes. 

Caoutchouc and gutta percha are turpenes found in the juices of some 
plants. They are insoluble in water, but in the plant are usually in suspen- 
sion, very finely divided so as to make a milky liquid, called an emulsion. 
Caoutchouc is elastic ; gutta percha is not. Both are capable of combining 
with sulfur when heated to about 300® F. (150® C). The process is called 
vulcanizing, and the hardness of the product can be regulated by the amount 
of sulfur and the temperature used, so that valuable materials are prepared 
in this way. Caoutchouc dissolves in benzene and petroleum spirit. Gutta 
percha is soluble in chloroform. 



BENZENES. 

Benzene^ ^6^«> ^ ^^ ^^^ member of a series which Assesses great 
interest on account of the number of isomeric compounds which have been 
obtained. The hydrogen is susceptible of replacement by various elements 
and radicles; and we may get in this way not only a number of compounds, 
but different atoms of H replaced by the same substance give different 
bodies. Thus, dibromobenzene, C^H^Br, exists in three different forms, 
called respectively ortho, meta, and para-dibromobeiiLerL<&. 

9 
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bodies are shown in different positions in the differe^l uw 



H Br 

H^ Q-H H— Cf C— Br 

B— e C-H H— C C-H 

k k 

Benzene. Ortho>dibroinobenzene. 

Br Bt 

H— C C— Br H— C C^H 

^ J. 

BiciSHlifaro«iobci»9Wb 



In such iomuila. it is^ nsx^ali^ in order ta avoid cpnfusion^ to write the bea- 



moleculs \ \ omitting the Iq^drogeo. The diree dx^vomoboB- 




zenes given above would be expressed thus :— 






The terms ortAo, nuia, and para may be abbi«viaU4 ta o, m^ and/* 
The number and cogipleTity oi the isomers genen^ly ingreagea ai^ tibA 
luunber of tbe substituting bodies increasea,i aud <M|gi7i»% when difoenir 
radicles are concerned^ 



bromin aWv« ^vem (fee IblW^wf icums nboui^ «l8o exi^j^:*^ 





The first of these positions is, howerery symmetrical with that representing 
the meta-form, and the second position is- syiwpetrical with that representing 
the ortho-form, and neither, therefore, expssses a new condition of isomerism. 
As a matter of fact only three dHbromobeAsenet are known. 

The supposed arrangement of the carbon atoms in benzene, called the 
benzene ring, constitutes a simple ex%mple of the '< closed'' carbon chain. 
The molecular union is very strong, aiij enables the carbon to resist powerful 
chemical agents, such as nitric and chromic acids, much better than is the 
ease witfii die open chain compoundli. 

The angles of tlie hexagon are (Hstingmslied hf ninnlSers in tbc order of 
tfiose on die face of a clock, dras: — 




The different substitution .compounds are often indicated by these numbers. 
Thus, ortho compounds are catfc^ f--2 tva'pomada^ meta, 1-3, and para, 1-4. 

When three atoms of hydrog^ are substi tu t ed by the same monad, three 
fonos^are produced a% foUgw^ ; — 






CoQsecutive (z» 3, 3) Uosymmetrical (i» 3» 4) Symmetrical (i, 3« 5) 
Tribromobenzene. Tribromobenzene. Tribromobenzene. 

Compavisoa with other positions of the three atoms of bromia will show 
that the abonre are the ocdy distinct forms ; investigation shows tha( Ifarac^ 
and only thsQe^ trUyoigobogenqg. 9i» obtainaUc 
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Substitutions of a single hydrogen atom, or of five hydrogen atoms should 
produce only one form, and this also accords with the observed facts. 

The graphic formula shows that benzene contains six latent valencies, and 

as a result it is capable of acting as a hexad, though ordinarily it acts as a 

saturated molecule. The condition when these valencies are developed is 

easily shown. 

H 

xi 

\/ \/ 

H— C C— H 

H— C C— H 
/\ /\ 



i 



Benzene in this condition could take up six atoms of bromin without losing 
any hydrogen, forming C^ H^Br^. Such bodies are called additive compounds, 
are much less stable than the substitutive, and of less importance. Care 
must be taken not to confound the nomenclature of the two classes of com- 
pounds. CfHgBr^, an additive compound, would be called benzene hex- 
bromid. C^Br^, a substitutive compound in which all the hydrogen has been 
replaced by bromid, would be hexbromobenzene. Similarly, C0Hq(HO)2 is 
l>enzene dihydroxid, while CgH4(HO)2 Js dihydroxybenzene. 

The following are the principal members of the 

BENZENE SERIES. 



Name. 



Benzene 
Toluene 
Xylene . 
Cumene 
Cjrmene 



Formula. 



C^Hg 

^10^14 



Freezing point. 
F. 



32 
Below — 20 



Boiling point. 



177 
1231 



} Several isomeric form^ of each of 
these ; of different' freezing and 
boiling points. 



Benzene f CjHj, sometimes called benzol, may be made in several ways, 

among which is the destructive distillation of coal. In the manufacture of 

illuminating gas from coal a quantity of tar is produced, and from this, by 

/mcti'onaJ distillation, the benzene is obtained. When pureyit is a colorless,* 
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mobile iiquid: /It is lighter than water, and insoluble in it; mixes with alco« 
hoi and ether, and is very inflammable. It is largely used as a solvent for 
resins and fats. When treated with strong nitric acid it yields nitrobenzene ;■ 

. C,H, + HNO, = C,H,(NO,) + H,0. 

Nitrobenzene is a yelloW liquid, having an odor which resembles somewhat 
that of bitter almond oil.. It is now used' as a cheap perfume, especially in 
soaps, wa^tr \hentaakGo{ oil of mirbane. It is distinctly poisonous, producing, 
even in small doses, unconsciousness, with marked delay in respiration. When 
nitrobenzene is heated with nascent hydrogen it is converted into ani/in, 
CgHgHjN. By distilling nitrobenzene with sodium amalgam, azobenzene,- 
(CQHg)2N2, is obtained. 

Toluene is methyl benzene, CfH,CH,, that is, benzene in which one.atom 
of hydrogen has' been replaced by methyl. It is a limpid liquid, fighter than 
water, and not solidifying at the freezing point of water. It generally exists 
in , crude benzene. 

* Ndphthalene^ ^lo^s* sometimes called coal-tar camphor, is obtaihed from 
coal tar, in the form of white, somewhat fn^;rant, crystalline scales. It melts 
at 176° F. (80° C). It is slightly soluble in boiling water. It is used exten- 
sively to protect goods against moths. Naphthalene consists of a double ring 

of carbon atoms saturated with hydrogen ; thus, — 

. ■ . ' ■ ' ^ ■ . ' 

H H 



H— C Cf C— H 

hJ i Lh 
c c 




The symbol is usually expressed by 



When dissolved in hot, strong sulfuric acid, two isomeric naphthalenesulfonU 
acidSf CjqH^HSOj, are formed. From each of these, by the action of potas- 
sivuqoi; hjdroxid) an alcohol j CjoHyHO, hydroxynaphthol, is formed. These 
bodies are generally known respectively as a- and /3-naphthol. ^-naQhtKoil^ 
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iio# ittttcAi l^ra ins ikA ^dXtscpilt, ih<i so-cnred nydfvMilipaui<H is n loflft tn 
j^apbdtel. All ISke ns^faAok have a])tTs<!ptic ^wer, bvtt ftct atttn by ptv^ 
fditittg the growth -of ba^li Tftther thsn hf A&itnjitkf^ Iheib. 

By the action of oudlzmg agents naphthalene is converted into phthalic 
acid, HgCfH^O^. It this be coti verted into calcium phthalate, CaC^H^O^, 
tad herted witk Ihne for several boim, caldtun benaoate, C«(Cf H^O,),, is 
fonned. Hieae leactioiiB kmrn on importnit source for bensofc add. 

AntkraaenffCufL^Q.—'^Th.h h obtained fr^itii coal. tar, being cme of the least 
volatfle mgredietkts. The tntd e articie is a solid, geneiAlly of a greenish- 
y^lktw color, lafid a peculiar odor which is iiot nnlfte tfhftt of a decayed tooth. 
The pure anthracene ii trfstalHtae, and gives a fine blue flnorescence. It 
melts at 213^ C. (415^ F.). It is insoluble in water. lift oxidation products 
me of gretft Iflipartaixcc, because from-di^m may be obtained uHzarm^ a body 
to Whidi the Yahutble djfie madder owes its ^cdor. The artificial production 
of tlxe maddier color has beeft ekteHBivdy csrned (M of late yealB. 

Phenol, hydroxybenzenej C^H^HO, is often called carbolic 9t{d,al&d-plietifc 
or ^eiiyltc Add. 2t cxiits in ooxi to:, and cni aise be made artificiaUy by 
se^KCEral processes. It forms eokniess ctysteis, is very deliquesocnt, ami -soki- 
Ide in waler^ melting at ^j* F. {34° C), and boiling at 370® F. (t8y» C). 
k has A pecmliar odor, mucfa like that of kreasote. Pure phenol ramainB im- 
altered in the air, but the comrnerciftl artide igcneratty acqinrfli m Imm a 
pink tinge. By the action of nitric acid on phenol the complete resuh is : — 

Picric acid, or trinitrophenol, Q^,^0^^0 , a deep yellow crystalline 
substance, very soluble in water. It is also obtained when nitric acid acts 
upon many other substances, as indigo, «ilk, wool, etc. In the arts it is 
employed as a dye for silk and wool. It is monobasic, and some of its salts 
are explosive. Its solution {XKsesscs the jnwirer of coagulating albumin, 
and is used as a test for that subl^DC6. 

Picric acid contains the alcoholic hydrbxyl group of phenol, which acquires 
the function of acid hydroxyl b|^ reason of the presence of three of the 
powerful negative groups, NO,. 

Dihydroxybenzenes, C^^^HO),. Three forms, of course, exist: ortho^ 
metaj and para. They are kndwn as : — 

PyroCatechol, (1.2) 
Resorcinol, (i«3) 
ttydroquinol, (1.4)' 

RtfsorchMt is s^metitlics t»ed as an antkeptic. HydHftqtiiiiol li 6fteii 
ittaphsytiS as a developer hi )34rotogr«pliy. 
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Tkf^ VAlfefiibkfbeiastQts «l90 ^e/iAak, Hie cohsecntiv^ fbttti Is pyfogallbl 
(^j^f^galke iteid) used \sa^ety ih plibtogtttjphy. The symtuetHic forA it 
phloroglucol (phloroglucin) used in a test for free bydratehhsric ittid. 

Cresol, CjH4(CH,)H0, Cresylic Acid. — This has the same relation to 
toluene, C^Hg, that phenol lua to benzene. Phenol is hydroxybenzene ; 
cresol is hydroxytoluene. It exists in coal tar, which, when pure, crystal- 
Mifees is ^Me fieiedl^s, %ikk te^ at 36^ €. {95*' F.). R is tsftefii present in 
commercial phenol. 

K f W l^ lt, ^^ich is oftjliiined firom imdd t^, i^ 'a taiiittttie of VaHotts bodies. 
Commercial kl<6l^9cfte l§ ofteft lal^y ph<^ol. 

Or^ Cftf^O,, k & prodvct hii^ng iiome of the (jualities o^ aA #e;id, 
d^iH^»«d fro<n pk^ts ktoo^m as Uchens, ^ oxidstion it jRMirb 4 bright red 
edfil^wid) whieti is tised is djhsing. The isaiiie Itchetis which yield oftcni 
#^, by fluaceratkili KriHi %Miei-, ^1^ blowing to fettnem, y!eM a tt^ eolofih^ 
matter, sparingly soluble in water, imd ib^tatitly tutning Mue Irheh nMthd- 
iaed with idkaiies. Tlni substahce is -Utmusy «nd is used %& a test for the 
presence ^f acids aad aHialtos. 



BENZYL COMPOUNDS. 

JBy ttie ^bi^ttition of hy(ino*yl fcfr the hydrogen of methyl ih tohifcne 
(A«fliyh!)e!i*eiiC), U !iyd«*id fe fbhued isometfe with «WSoJ. This body 
(hydroxjrmethyl-benzene), CjHjCHjHO, is known as benzyl alcditfl. It 
forms an aldehyde and an acid by oxidation. 

Benzaldehyde^ C^H^O, is oil of bitter almonds. Its formation from 
amygdalin by a spec^i d' fifiiielkiCiitibli Is peiiited out elsewhere. It is a 
celodiess liquid, heavier than water, and, as usually made, has the smell of 
hydrogen cyanide, since that body is formed from amygdalin at the same 
time as the oil. Oil of bitter almonds has been used in confectionery as a 
flavor. It is sometimes substituted by nitrobenzene. 

•Benasoic tirn/, caitoxybenzene, C!^Hg(COOH), oeours in various resins, 
especially m. 'hemwm. It is sometimes found in the flirine of herbivora, .and 
can l>e mrtfc aiiifidaily brf several methods. One of Itese is given under 
napMhalene; «BOtker is described «nder lupporic add. Benzoic acid is a 
white cryBtaHise solid^ of i^easant odor, but very disagreeable taste. It 
dissolves bat Slighi^ in cold water, but mofre so is hot water and alcohol. 
It tablimes at a tempetature bekyw its boiling point. 

ilrffrfS^i ^jirthol*ydro*y^ca CjH^(COOH)(HO), diflRers, in 

empirical formula, fktts-b^i^c acid in hating an additional atoin df oxygen, 
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bence it is sometimes called oxybenzoie ucid. It is,however>notmade from 
benzoic acid, but from the action of carbon dioxid, on a mixture of sodium 
phenate. The reaction is :-^ 

Sodium Phenate. Sodium Salicylate. 

NaC^HjO + CO, = NaqHgOj. 

Sodium salicylatecan also be obtained by the action of sodium hydroxid on 
salicin. 

Salicylic acid forms prismatic crystals, which 'are sparingly soluble in 
water. The solution gives a deep violet color with ferric chlorid. 

• 5!ti/<?/.f— Several' compounds of the general nature of compound ethers have 
(^ome into use, lately, with a view of combining the effects of different 
members of this series. Such is salol, phenyl salicylate, C^HgCfH^Oj,. 
which is' supposed to be more active than the acid itself. In the same 
manner naphthyl salicylate may be prepared. 

'* I5(iirrj5drn«, C^HgNSOj. — This is derived from toluene by complex opera- 
tions. It is a white powder, but slightly soluble in water, and of an 
intensely sweet taste, from which its common name is derived. It is now 
used as a substitute for sugar. It has no chemical analogy to common 
sugar. 

. ,Most of- these bodies have antiseptic powers ; salicylic acid -is especially 
used for preiserving beer and various foods. Its use, however, is objec- 
tionable. 



SUGARS AND STARCHES. 

ttnder this title is included a group of bodies exhibiting strong relation- 
ships to each other, and features which distinguish them from ihdst other 
organic bodies. Moderate deoxidizing power, partial inter-convertibility and 
susceptibility to alcoholic fermentation, are features which most of them pos- 
sess. The sugars proper have a sweet taste. They have nearly the same 
composition and contain only three elements, carbon, hydrogen, and oxygen, 
the latter two always in the proportion in which they exist in water. Most 
of these have a decided action on polarized light. '. The rational formulae of 
many of them are now known. They are mostly ketonic or aldehydioin 
structure, and contain several atoms of asjrmmetric carbon. They are com-' 
monly divided into three classes. In the following list the mark -f- indicates 
that the substance rotates a ray of polarized light to the right ; <*^ that, it 
rotates to the left Substances unmariced have no action >— 
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I. Saccharoses. 
Sugars Proper, 
CijHjjOii 
Sucrose (Cane 

Sugar) -f 
Lactose (Milk 

Sugar) + 
Maltose -f- 



2. Glucoses. 
Grape Sugars. 

C.HiA 
Dextrose (Grape 

Sugar) -I- 
Levulose (Fruit 

Sugar) — 
Galactose -}- 
Sorbite + 
Inosite. 



3. Amyloses.- 
Starches and Gums, 
C.H,oO. 
Starch + 
Dextrin + 
Inulin 
Gum 
Cellulose. 



Sucrose^ or Cane Sugar^ ^v^vPrn exists in plants, especially sugar-cane 
and beet. It is extracted by pressure ; the liquid is then treated with lime to 
neutralize free acid, boiled down carefully at a low temperature, the raw pro- 
duct decolorized by animal charcoal and finally crystallized. When heated 
to 420® F. caramel^ much used for coloring liquors and confectionery, is 
formed. By the. action of dilute acids, or ferments, or even of heat alone, it 
is converted into a mixture of equal parts of glucose and levulose, which 
mixture, on account of the greater effect of the levulose on polarized light; 
rotates such rays to the left, and is therefore known as inverted sugar. Sugar, 
although freely soluble in water, is almost insoluble in alcohol and ether. 

Lactose y or Milk Sugar ^ exbts in milk, and has the same composition as 
cane sugar. It is much less sweet, and less soluble in water. Milk sugar is 
uised as a diluting agent in triturations. 

Glucose^ CjHjjOj. — This is found in many vegetables, especially ripe fruits, 
and also in honey. Blood and urine contain small quantities, and the latter 
fluid, under special conditions, becomes rich in glucose. Glucose exists in 
tw6 isomeric modifications, dextrose or grape sugar, which turns the ray of 
polarized light to the right, and levulose, or fruit sugar, which rotates it to 
the left. Dextrose may be obtained artificially by boiling starch with dilute 
sulfuric acid, adding chalk, and evaporating the liquid. This process is now 
carried out on a very extensive scale, the dextrose produced being used to 
adulterate and .substitute cane sugar. It is soluble in dilute alcohol, but is 
•lot nearly so sweet as sucrose. 

Starchy Amylose^ C^Hi^Oj, occurs in many plants. It is a white powder, 
which is made up of granules of various sizes, having a definite, organized 
structure, which is different in different plants, so that by means of the micro- 
scope the various starches can be distinguished one from another, a point of 
great importance in reference to food adulteration. Tkes^ ^-axsNlKfes. i«& x!>rN. 






soluble in tfbld Water, ether, or aleohcil, but if heated with 'irAter t& «b<iut 
1 60^ F. (7!^C.), tlhey iwell and break up, ytekling a thidt tiilaSs IMtaed 
starch paste. Upon boiling this mass ^vith more water, the paitiei^ are 
reduced to such a filie state of diviiioB that they will pass through tt ^Snnt, and 
when the boiling is tontinued for some tiaie the solution become €tear, and 
the starch soluble. The test for stMrch is 4^ formation of li dee^ hfoe color 
with free iodin. The -extraction of starch Mkjf^ be easily illustratie^ try grating 
a potato, and ^Ashing ihe grating in a siev^, Whfeh will retain th« Wood fibre 
and let the starch granules through as a heaty white powder. 

Starch exists in the seeds of grasses, assOdMed with a nitrogenous sub- 
stance, diastasey which has the power to transform the starch into maltose. 
When thie seed gietffiitimes &is transforttiation begins, ttWl if the geniiiniftion 
be interrupted before ^e sugar undergoes futther change, We have mAtt^ 
which is simply sptoiited grain. Usually barley. VThtti mah I& steejjed iti 
water and yeast added, the lerttientatton iof ^e l&Ugat- begins, trhicbsb fa 
made from stsu-ch by the use of sttlfuHc add. 

Dextrin^ C^Hi^Oj. — This substance is also known as British gum, and may 
be obtained by heating starch to about 320^ F. (160^ C). l^he change is 
much more speedily effected by the addition of a little hydrochloric or nitric 
acid. Dextrin, together with maltose, is formed when malt extract acts upon 
starch. It is insoluble in alcohol, but very soluble in water, and is used as a 
inutHage. It is tonveried Itotd ghioose by heating wi&thhitis adds» 

Gum Arabic is an exudation from many species of Acacia, It counts 
chiefly of the calcium salt of arable acid, CaC^^HjgOio. It is used in the 
prepanctkm ttf uMdliage. 

Cum Tragacarith. — This has a composition similar to gUtti fttal!>l<i, 1b^ 
is not entirely soluble in water. It absorbs water in large ainoUfit la&d 
swells up, making an adhesive paste. Many other vegetable gumi UM 
known. 

Cellulose, Qfi^fj\^ is the colorless material of woody fibre. It is seen 
in cotton or linen paper in a nearly pure form. Cellulose dissolves in an 
ammoniacal solution of cupric hydroxid, but is insoluble in water, ether, or 
alcohol. Strong sulfuric acid converts it either into a soluble substance, * 
like dextrin, or into a substance, giving a blue color with iodin. By long- 
continued action of dilute sulfuric acid, cellulose is coijrrerted iMo dex- 
trose. 

Peiper is celhrlose, either obtained from cotton or linen by breidikig up 

the "fibre of these by mechanicdi processes, or made from straw or Wood. The 

pfocess of maJdng paper from ^mw or Wood is to boil ift aboHt jod^ F» 
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vnf^h. sodltttti !iydtt>x}d, of by the "action of tnagniesimn stJfite xsn Urood ; by 
tbis means the scettenting materials between the fibres are dissolved, and 
the fibiw become loose and soft. When paper is dipped for a 'few seconds 
in A told mixtuie of two volumes trf" strong sulftiric actd and one of water, 
il shrinlcB and betoAn^ Waterproof, txyttstitifthig farchment paptr. 

Gun-cotton. — When cotton is put into a mixtiure of equal volumes of 
^tfohg tiihric and stilfiakic tw^ds, no appatent t*hange oCCurS ; but after drying 
it is found to be exceedingly inflammable. A Substitution product is here 
fonaed, termed trmitnhcelltdose^VBk, which NO^ replacas hydrogen, C^H^- 

(^o,),o,. 

Ccflhdicn is finrmed ^ dissolving certfein kinds of gun-cotton in a mixtuie 
of ether and alcohols This is tfalted plain colUdum^ and is used in surgery. 
By the itdditicm of various kdids it Incomes phologiikpheir's collodion. A 
mixtavc of coH^on with silver bromid in snspen^on is now much used 
in photography under the name of ^mnkion. A inixtut« of ^n-ootton and 
ca«)phor is called eeilulaid. It is a tough, hard mass, which may be easily 
softened by heat and then can be moulded into any sh^>e. Mixed with 
zinc oxid it can be given an appearance resembling ivory; mixed with 
vermilion it is used as a substitute for vulcanized rubber in teeth-plates. 

All the forms of cellulose yield nttro- compounds analogous to gun-cotton. 
The formula CjHiqOj is merely an empirical representation of the composi- 
tion of cellulose. Its structural formula is not known. 

Glycogen.—-Th\s is a white, amorphous powder, which gives a brown color 
With iodih, and by £he action of ferments or dilute acids it becomes dextrose 
(deitbtHglucose). It therefore resembles starch, but is soluble in water, 
it is found in the liVer of several animals ; also in yolk of egg and in 
some mbllusta. 

GiRKMICAt RfelATtONS Otr SUGARS AND STARCHES. 

The sugars and starches are reducing agents, but ndt very energetic. 
The action is generally increased by the presence of strong alkalies. The 
tests for them are mostly dependent upon their reducing action upon the 
salts of ^G^i^per, silver, bismuth, and mercury. Glucose is the most active 
in this re!()eqt, and the other members of the class may generally easily be 
converted into glucose before being tested. 

GLrUCOSIDS. — This term includes a large number of bodies, mostly 
olJiahied fhjta )$hmts, -and possessing the t^uality of being easily decomposed 
bito sevend dtsdtttt stbbstances, one of which is glucose. Dilute acids and 
ferments vtt the umud means of ptodutin^ \\na t-^ciSfic. ^<t^tsoK(^^3eass«^ 
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They may be regarded as compound ethers, derived -from glucose: The) 
are sometimes quite complicated in composition, generally have marked- 
medicinal qualities, and often, therefore, constitute the active principles ofi 
the plants from which they are obtained. Some of them are associated 
with a body capable of acting as a ferment, and thus are decomposed as 
soon as exposed to heat and moisture, which causes the ferment to act. 

Starch and most of the amyloses may be glucosids, since they yield 
glucose by the action of acids and ferments. 

Amygdalitis C^qH^^NOji, exists in seeds of many plants of the order 
Rosaceae, in association with a ferment called synaptase. This acts on the 
amygdalin, when the seeds are crushed in Cold water ; but boiling alcohol 
coagulates the syiiaptase and dissolves the undecomposed aniygdalin. The 
latter is a white, crystalline body, soluble in alcohol and water, but not in 
ether. The decomposition to which it is susceptible is explained in connec- 
tion with the description of hydrogen cyanid. 

Saliciny CjjHjgO^, is found principally in the bark and leaves of the Poplar 
and Willow. It crystallizes in white needles ; insoluble in ethef, but soluble 
in water and alcohol. Salicin decomposes as follows : — 

Ci,H,30, + H,0 = qUgO, 4- CeHijO,. 
C^HgOj is called saligenin. 

Tannins. — These are astringent principles, widely diffused in the vegetable 
kingdom. They dissolve in water and have an acid reaction ; hence are often 
called tannic acids. They present numerous varieties, which possess the 
common property of forming insoluble compounds with gelatin, and giving 
dark -colored precipitates with ferric salts. Their action on gelatin is taken 
advantage of in the preparation of leather, while by their action with ferric 
salts common ink is made. ' ■: "' 

Ordinary tannin at gallo-tannic acid occmxs in nutgalls — excrescences formed 
on a species of oak by puncture by an insect — and sumach. It is usually seen 
as a loose, brittle, light-yellow, non- crystalline mass, very soluble in Water 
and highly astringent. It gives a bluish-black precipitate with ferric salts. 
The common form is not entirely a glucosid, but contains a large amount of 
digallic acid, Ci^Hj^Og. 

When tannin is boiled with dilute acids, or mixed with water and exposed, 
to moist air, it forms gallic acid. The gallic acid may come either from the 
splitting up of the glucosid or the absorption of water .by digallic add; 
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Thus:— 

Tannin (slncosid). Glucose. Gallic Acid. 

C„H„0„ + 4H,0 = C,H„0, + 3C,H,0.- 
Digallic Acid. Gallic Acid. 

The conversion of tannin into gallic acid is one of the sources of loss in the 
manufacture of leather, since gallic acid has no tanning qualities. The 
change can be prevented by antiseptic substances, such as sulfurous and 
boric acid, and solutions of these are now sold under the name of anti- 
galline. The process of tanning consists essentially in the tannin rendering 
the gelatinous matter of the hide insoluble, and therefore not liable to 
decomposition. 

Solanitty C^Hf^NOif, exists in plants of the order Solanacea; for instance, 
in the young shoots of the potato. 

Myronic Acid, CjoHigNSjOiQ. — The seed of the Black Mustard contains 
potassium myronate, which is decomposed by an albuminous ferment con- 
tained in the mustard seed into allyl thiocyanate, glucose, and acid potassium 
sulfate. Thus : — 

KCjoHigNSAo == QH^CNS + CeH^O^ + KHSO^. 

The allyl thiocyanate is the substance which gives to mustard its medical 
virtue, and as hot water would coagulate the albuminous ferment, and thus 
prevent the reaction, mustard plaster must be made with cold water. White 
mustard seed contains a glucosid, sinalbin^ and a ferment, my rosin. 

Indicqtiy CjjHjjNjO,^, occurs in several plants, especially those of the 
genus Indigofera. By boiling with acids it yields the color known as indigo 
blue (indigotin) . Indigo blue is obtained from the plants containing indican, 
by macerating them with water, and exposing to the air until fermentation 
ceases.' The blue is deposited, and is formed into cakes, which have a 
copper lustre when rubbed. Indigo is insoluble in water, but by action of 
iSiakdent hydrogen ii takes up two atoms of that element; it is converted into 
ia soluble white powder. By exposing this to the air it again becomes the 
iiisoljible blue color. These reactions are taken advantage of in dyeing with 
indigo^ 4he cloth being steeped in solution of white indigo and then exposed 
to the air. Indigo blue forms several compounds with strong sulfuric acid, 
which arei generally known in commerce as sulfate of indigo. 
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COMPOUNDS CONTAININQ NITROOBN. 

These are numerous and of many grades of complexity, from bodies like 
cyanogen, CN, up to those which form the tissues oC plants and animals. 
Nitrogen may combine with hydrogen or other positives*, may replace hydro- 
gen, or may act in combination with oxygen ; in all these conditions it gives 
rise to series of bodies of essentially different character. Carbon and nftio- 
gen form the cyanogen series. Carbon, hydrogen, and nitrogen fbrm a group 
— including many purely artificial products — having alkaline characters. 
Carbon, hydrogen, nitrogen, and oxygen form groups, including most of the 
principles upon which the medicinal virtue of plants depend, and many of the 
materials forming the tissues of animals and plants. Nitrc^en and oxygen, 
in combination, in the proportion NO^, constitute a monad radicle, which can 
Msily suhslitute hydregeay and Ihns give nse to a series of artifidiiil «ib- 
stances, of which the chief characteristic is thfir explosive quaJSti^ 



CYANOGEN AND DERIVATIVES. 

Nitrogen and carbon do not combine if brought in contact, but if a 
of nitrogen be passed over a mixture of carbon and potassium carbonate, 
potassium cyanid, KCN, is formed. From this, other cyanids may be obtained. 
By heating mercuric cyanid, Hg(CN)2, ^^^ cyanogen, CjNj, is formed. It 
is a colorless, poisonous gas. It combines with both positive and negative 
bodies. In writing the formulae of bodies containing cyanogen, the symbol 
CN is often abbreviated to Cy. 

Two forms of cyanogen compounds are known, termed respectively the 
Cjranids and isocyanids, as follows : — 

Potassium Cyanid. Potassium Isocyanid. 

K— C^N K— N=C 

It will be noticed that in the former the nitrogen is triad and in the latter 
pentad. 

Potassium Cyanid^ KCN. — ^This body, prepared usually by decompoaiof 
some more complex cyanids, \a a snow-white mads, very soluble in water, and 
easily decomposed even by the carbonic acid of the air, hydrogen cyanid 
being formed. Potassium cyanid dissolves most of the salts of silver which 
are insoluble in water, except silver sulfid. It is used in silver plating and ia 
photography, also ia very small doses as a medicine. It is a powerful poisoA. 
It can be melted without change, but in the presence of air or oxidizing agents 
it becomes potassium cyanate, KCNO. 
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ify^ogm €jm»id, HCN.-^Thia: it s^ierallj caUod: kydfoc^rank 9r pi«0iA< 
acid. When pve, il is a oDk»lcs» liquid^ 99fsiXf deeoiQpoMid «ad ifltomMllbr 
poisonoiis, a drop or two produeioif dealh m ft i«i« iiioD»eol9^ Aft soi^ for 
medical ptvpoacs it is» ^ry dilute, eonaistiBg of tw<^ |^wl9r el tK;ld Iq^ nimHy- 
eight el water. It baa, erei^ wbea nmcli diluted^ « strpfig odor of bnilis«d 
peack ksmehw I» IeuA» bijnbogea cyamd i& iJBiniied frfifan tii«9e sii^MSiitaiK^ by 
the decomposition of nitrogenous principles when the seeds are crushed wil^ 
cold wat^r. "XhXk QQCurs under the influence of special ferment^, for if these 
ai-Q. fl^t Qo^tgtU^ted. ^^ boiliiiig alcohol^ no decomposition occujs. The reactiou 
by which hydrog^en c](:anid is formed when bitter almonds ar^ macerated with 
water consists in the breaking up of a crystalline^ principle called amygdsdin* 
under the feimQntiim; influence of a nitrogenous body called synapta^^^ as 
follows : — 

Benzal- Hydrogen 
AamdoHa. dehycta. Cyaaid. GlntoM. 

Hydjrq^eg, cy^d may al%o be made by decomposing odier cyanids, by strong 
acids, tbus : — 

2KCN + H,SO^ = K,S04 + 2HCN. 

i?»ff^ Cymtiif^ — V^ cymudS: of d^ei p o tasgiw rn g^up shotw « great tendr 
•Be]9 toi Qsmii^^ ^tb ^tber eyapid^ ospecially tboA9 of the iron gvoup, tv 
€9fm doolM^ Gg^»iids, in which some e£ tb# prc^rties of the single cymudf, 
«peci«Hr)fi ^ poissOBCHMi qoflities^ a«e BMtch disnai^H^d. The iron series if 
the most important. We distinguish two well-marked comfKHUidsi* 

Potassium ferroiis cyanide FeCy, -f- 4KCy, ususdly called potassium ferro- 
cyanidj and written K^Cyj^Fe, is generally made by heating a mixture of 
nitrogenous organic matter, iron scraps, and potassium carbonate, treating the 
mass with water and aHbwkig it to crystallize. Large lemon -yellow crystals 
are formed, which are not poisonous. They are much used by the arts, under 
the name of yeltow prussiate of potash. Oxidizing agents coBvert the fisnous 
cyanid into ferric, and produce a body called — 

FMassium fatric cyanicPj Fe,Cy, -f 6KCy, commonly caiUed/^'iAu^Mr y^m- 
cyamdot red prusatote of potask. It foraw large raby^red crystals, soluble 
in w«teF. Fromtheseotbeis may be obtained. The- vsaotioiis wkh some snh- 
slaBces afo so di8<;hict aa to constitute vevy delicate tests. Widi ferrous com- 
poonds, for instance, the fersicyanxds- g^ve a daxk-bhie precipitate ; ferric saks 
give, with ferreeyanids, a siokilar bfaie precipitate — PrassiaB bhie. The two 
precipitatea are neavly identioal in compositioB. An iotermediafte eompound 
» known 86 s9Mle Fhissiaa V^m, being soluble ia puxe water, but ioaelobk 
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in water containing various salts. The true Prussian blue is dissolved by alka- 
lies, but not by acids, except oxalic ; a solution made with this add is used as 
a blue ink. Prussian blue is much used as a substitute and adulterant of 
indigo, and for coloring green teas. No precipitate is produced by the action 
of ferricyanids on ferric salts. That produced by the action of ferrocyanids on 
ferrous salts is white, but is quickly converted into the blue form by oxida- 
tion. 

Tests for Cyanids. — The recognition of cyanogen is a matter of importance 
in toxicology. The tests can be satisfactorily applied only to the sim|)le cya- 
nids ; the double cyanids usually give the reactions after being decomposed 
by acids. 

Silver nitrate gives a white precipitate of silver cyanid, which is soluble in 
boiling nitric acid. 

A mixture of ferrous sulfate and sodium hydroxid, when agitated with a 
cyanid and then treated with acid, will produce a blue precipitate. 

When hydrogen cyanid. is brought into contact with ammonium sulfid, a 
compound called ammonium thiocyanate is formed, which gives, with ferric 
chlorid, a blood-red color. 

Cyanates. — Cyanogen being a monad radicle, a single molecule cannot 
saturate completely the members of the oxygen group, and the compound 
CNO is, therefore, also a monad radicle. There are two forms of these 
derivatives, cyanates and isocyanates, corresponding to the cyanids and 
isocyanids. Several polymeric isomers of these compounds are known. The 
potassium series is : — 

KCNO Potassium cyanate. 

KjCjNjO, .... Potassium fulminate. 
KjCjNjO, .... Potassium cyanurate. 

A large number of derivatives have been obtained from these bodies, but 
only a few are important. 

Ammonium Cyanate^ NH^CNO. — This is one of the most interesting of 
the derivatives of this class, because it is identical in composition with urea, 
the most abundant solid constituent of the urine, and may be easily converted 
into it. It may be formed by the action of ammonium sulfate on potassium 
cyanate, and when heated, either in the solid state or dissolved, it soon 
becomes converted, without change of composition, into a body from which 
neither cyanic acid nor ammonium can be obtained by the usual tests. This 
i&ct shows that, the atoms have been rearranged. The body, in fact, has 
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been converted into a substitution ammonium compound, and is identical 
with urea as obtained from urine. 

Sulfur may substitute oxygen, and thus give rise to a series of thiocyanates 
and isothiocyanates . 

Potassium thiocyanate, KCNS, is a white, crystalline body, very soluble 
in water, producing with ferric salts a deep blood-red color, which is utilized 
as a delicate test. Ammonium thiocyanate, NH^CNS, is formed when 
hydrogen cyanid acts on ammonium sulfid, which contains some free 
sulfur. The reaction is (NHJ^S + S, + 2HCN = 2NH4CNS + H,S. 
It is the basis of one of the tests for cyanogen. 



SUBSTITUTION AMMONIUMS. 

Amln, NH„ ammonia, is always found, either free or combined, among 
the products of decomposition of nitrogenous matter. As a distinct sub- 
stance, one of its most striking properties is its power to neutralize acids. 
When certain organic bodies containing nitrogen were found to have a 
similar property, a similar constitution was assigned to them. Morphin, 
quinin, etc., which, like amin, are decidedly alkaline, and contain consider- 
able nitrogen, have been regarded as ammoniacal in character. Although 
efforts to produce these bodies artificially have succeeded only to a limited 
extent, yet many substances resembling them in composition have been 
obtained, and no doubt need now exist as to the essential nature of these 
products, or as to the possibility of ultimately producing them. Many of the 
artificial bases now known are produced by the substitution of the hydrogen 
or nitrogen in amin, NH^, or ammonium, NH^, by other elements or radicles. 
The number of compounds so produced is greatly increased by the fact that 
these molecules are capable of polymerism, that is, duplicating themselves, 
so that one set of compounds may be formed on the type NHj, and another 
on that of N^H,, and so on. A very complete and systematic nomenclature 
has been adopted for these compounds. In the first place, the character of 
the replaceable radicles, and, to a certain extent, therefore, the character of 
the compound itself, is indicated by the termination. When the radicle is 
positive, and especially when it does not contain oxygen, " in ' * is used ; 
when negative, and containing oxygen, "id** is used. When the nitrogen 
is replaced by some member of its group (B, P, As, Sb, and Bi), some 
distinct syllables of these names are added. The names of all the radicles 
entering into the compound are attached. If the molecule is duplicated, the 
syllables ^* diy* ^^tri** etc., arc used to ItidicaX^ >i3[it d^e.^^^ oS. es»5$;^Ka:S^ss^, 
10 
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If the compound is derived from the type NH^ it has the termination 
" onium." The following list will show all these points ; — 

NHg, amin ; N^H^, diamin ; N3H9, triamin ; N^Hj,, tetramin. 

PHj, phosphin ; P^Hg, diphosphin. 

AsHj, arsin. 

SbHj, stibin. 

NI^I^, ammonium ; NgHg, diammonium ; N^Hj,) triammonium. 

PH^, phosphonium. 

AsH^, arsonium. 

SbH^, stibonium. 

The consolidation of the molecules into diamins and triamins takes 
place under the influence of radicles of dyad, or higher valency. The 
methods of producing these substitution compounds are various ; one of the 
simplest is by heating solutions of amin with bromids or iodids of the xadicles 
to be substituted. Thus, if amin and ethyl iodid be heated for some hours 
in a sealed tube, we have the reaction — 

NH, + (C,H,)1 = (C,H5)H,NI. 

As NH^I is ammonium iodid, so the above compound is called ethyl -ammo- 
nium iodid. By further action the whole of the hydrogen may be replaced 
by ethyl, and we get (C2H5)4NI, tetrethyl- ammonium iodid. Each of the 
hydrogen atoms may be replaced by a different radicle, and thus great com- 
plexity in structure and nature arises. Thus : — 

(C2H5)2(C5Hi,)HNI, diethyl pentyl ammonium iodid. 

(€2115)3(051111) NI, triethyl pentyl ammonium iodid. 

(CH3)(C2H5)(C3H7)(C^Hj)NI, . methyl ethyl trityl tetryl ammonium iodid. 

From NH3 we may derive — 

(C2H5)H2N, ethylamin. 

(C2H5)2HN, diethylamin. 

(C2H5)3N, triethylamin. 

When but one-third of the hydrogen is substituted, the body is said to be 
primary ; when two- thirds are substituted, it is secondary ; when all is sub- 
stituted, the body is tertiary, Ethylamin, for instance, is a primary monamin. 

Diamins and diammoniums. These always contain Nj : — 

(C2H4)H^N2, ethene diamin. 

(CfH^)H^Ng(HO)^, . . . ethene diammonium hydroxid. 
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Triamins, and triammoniumsy UtraminSy and Utr ammoniums ^ are formed 
on the same principle. 

The following formulae show some of the compounds obtained by these 
elaborate substitutions, especially when the nitrogen is replaced by other 
members of its group :— 

Ethyl Phosphin. Diethyl Phosphin. Triethyl Phosphin. 

(C,H.)H,P (C,H5),HP (C,H,),P. 

Trimethyl Arsin. Tripentyl Stibin. Triethyl Bismin. 

(CH,),As. (QHjOsSb. (qH5),Bi. 

Triethyl Borin. 
(C,Hs).B. 

Tetrethyl Phosphonium Hydroxid. Tetrethyl Stibonium lodid. 

P(C,H5),H0. Sb(C,H5)J. 

By a combination of radicles of different valencies, we may get such a 
body as — 

(CH3)3(C2H5),(C2H^)H^P3l3, trimethyl-triethyl ethene triphosphonium iodid. 

AMIDS. — All primary monamins may be expressed as substitutions of 
amidogen, NH,, for other monads. When the amidogen is associated with 
a substantially positive group, the compound is basic, and is properly called 
an amin, but when associated with negative groups it may form either acid or 
neutral bodies which are properly called amids. Thus, amidogen may be 
substituted for the hydrogen of benzene, giving rise to C^H^NH,, amido- 
benzene, which is basic, and is therefore an amin. Substituted for the hydro- 
gen of acetic acid it gives amido-acetic acid, in which some of the acid prop- 
erties are retained, but substituted for the hydroxyl of acetic acid it entirely 
removes the acid function, forming a body called acetamid. These facts are 
shown by graphic formulae : — 

Amido-acetic Acid. Acetamid. 

H O H O 

Ml I II 

(NH,)— C— C— O— H • H— C— C(NHa) 

I I 

H H 

Amido-carbonic Acid. Carbonyldiamid (Urea). 

>CO )CO 
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The hydrogen of the amidogen or of the other radicles may be teplaced by 
equivalent bodies. 

The majority of the substances indicated in outline, in the preceding para- 
graphs, are purely products of the laboratory, but some of them are identical 
with natural products. Many natural products are so analogous in compod- 
tion and properties to the amins, diamins, etc., that no doubt can exist as to 
their similar nature. A few of these substitution compounds, the exact com- 
position of which is known, will be noticed. 

Ani/tn, PAenylamin, Amidobenzeney {CJA^Yi^. — This body is made by 
the action of nascent hydrogen on nitrobenzene : — 





Anilin is a liquid, boiling at 360^ F. (182^ C). It is an active poison. 
By the action of oxidizing agents of different powers it becomes converted 
into bodies of complicated composition, some of them triamins, having color- 
ing powers of great beauty and variety, the production of which has given 
rise to an extensive industry. 'It appears that, for producing most of these 
colors, the perfectly pure anilin will not answer; that made from crude 
nitrobenzene is always used. 

Toluidifty (CyH7)H2N. — There are three isomeric modifications of toloidin, 
which differ in their fusibility and boiling point. The presence of toluidin 
in anilin is necessary to fit the latter for the production of some of the anilin 
colors. 

Rosanilifty {C^Yi^^iS-'^^^^^y is a triamin base, which forms with adds a 
series of highly-colored salts, extensively used in dyeing. 

Trimethylaminy (CH,j)3N, occurs in many plants, as in the flowers of the 
hawthorn and the pear tree, and in wormseed, as well as in different animal 
liquids. It is a colorless gas, boiling at 48.7° F. (9.3° C.) and smelling of 
amin and fish brine. 

Acetanilidf NHCgHjC^HjO, Antifebrin. — This is acetamid in which one 
atom of hydrogen in the amidogen has been replaced by the radicle C^H^. It 
is a white crystalline powder, not basic. It is used as an antip3rretic. 

P3rridin and Derivatives. — In addition to the basic substances derived 

from amin, many are now known which contain a closed chain arrangement of 

the carbon atoms analogous to that observed \tv \\ie\>e.xvi«i!A.<&. The type of 
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the series is pyridin, CjH^N, a product of the destructive distillation of bones. 
Its structural formula is expressed thus : — 



N 
H— C 


\ 
C— H 


H-J 


Lh 


\ 


/ 



i 



The pyridin ring may be conveniently indicated by Armstrong's system. 

Substitution compounds are indicated acccording to the 
rule given under benzene. A double ring, consisting of a 
benzene ring joined to a pyridin ring, exists in a com- 
pound known as quinolin, and also gives rise to a series 
of derivatives. 
H 



thus: 




N 



i 



^ \/ % 

H— C C C— H 

hJ I i-H 





QumoUn Rtng-^ymM, 



Quinolm. 
These arrangements of the carbon atoms resist the action of chemical agents 
even better than that in benzene and its derivativti. 
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ALKALOIDS. 

The natural bases or alkaloids are so called because of their power to neu- 
tralize acids, and form with them distinct and crystallizable compounds. They 
contain carbon, hydrogen, and nitrogen, and many of them, also, ox3rgen. 
Their resemblance to the substitution amins is obvious, but they are more com- 
plex in constitution, especially as regards the presence of oxygen, which is 
not an ingredient of the common substitution amins. In this respect the alka- 
loids agree with the amids. Many of the alkaloids are derived from the 
pyridin and quinolin groups. 

As regards the general properties of the alkaloids, they are mostly solid 
bodies, not very soluble in water, but soluble in alcohol and easily crystallized. 
Many have a bitter taste, and decided physiological properties, and are the 
ingredients upon which the medicinal activity of the plants containing them 
depends. A few of them are liquid at ordinary temperatures, and those that 
are solid can be volatilized, without decomposition, by careful heating. 

The majority of the alkaloids form salts by directly uniting with the acid, 
not by substituting the hydrogen. Thus, morphin forms with hydrochloric 
acid the compound Cj^HjgNOgHCl ; it is, therefore, called morphin hydro- 
chlorid, not morphin chlorid. We can understand the fact, however, when 
we recollect that the alkaloids are analogous to NH,, rather than to NH^, and 
the reaction with morphin and HCl is similar to the reaction, NHj + HCl = 
NH^Cl, in which the hydrogen is not replaced. In fact, we might regard the 
hydrogen of the acid as combining with the morphin, and form anew mole- 
cule, Ci^Hjj^NOgH, analogous to ammonium and called morphium ; the com- 
pound formed would be morphium chlorid. 

A number of artificial alkaloids or allied compounds have lately come into 
prominence in therapeutics. These bodies possess the specific power of re- 
ducing the animal temperature, and are collectively known as antipyretics. 
They have generally been given trade names which are either abbreviations 
of their systemic names or are purely arbitrary. The more important are here 
briefly described. 

Antipyrin^ CjgHjgN^Oj. — This is the trade term of a derivative of quinolin, 
the full name of which has been given as dimethyl-oxy-quinizin. It is soluble 
in water and somewhat bitter. 

Phenacetifty CjqHjjNOj. — This is a complex substitution compound, related 
to antipyrin. Its systematic name is para-acet-phenetedin. It is a white, 
inodorous, tasteless substance, but slightly soluble in water, easily soluble 
in alcohol. 
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Azo-Compounds and Derivatives. — When two atoms of nitrogen are 
joined by two bonds, and the remaining bonds are joined to similar radicles, 
a group is formed called an azo-compound. . Thus, CgHgN = NCgHg, 
is azo-benzene. When the radicles are dissimilar, as in the group C^H^N = 
N — O — H, a diazo-compound is formed ; in this case diazo-benzene hydroxid. 
When an atom of oxygen is inserted between the nitrogen atoms, an azoxy- 
campound is formed. CgH^N — NCgHg is azoxy-benzene. When one 

O 

bond of each nitrogen atom is united to an atom of hydrogen, the body is 
called a hydrazo- compound. 

CgHgN — NCjHj is hydrazo-benzene. 

H H 

Hydrazins. — ^The hydrazins agree with the diazo-compounds in contain- 
ing dissimilar radicles, but differ in the fact that the union between the 
nitrogen is by one bond only. 

The difference may be represented in the following formulae : — 

Diazo-benzene Nitrate. Phenyl-hydrazin Nitrate. 

CeHgN = N-(N03). - CeH^N-NCNO,). 

H Hj 

Many forms and more complex derivatives of the above bodies exist, and 
valuable practical applications have been made of the theoretical principles 
exemplified in their formation. 



PTOMAINS AND LEUCOMAINS. 

The organic bases first discovered were almost entirely derived from the 
vegetable kingdom, especially from the more characteristic flowering plants. 
The progress of research has shown that such substances are by no means 
peculiar to that division of organized beings, but that animal organisms and 
the most minute forms of life are also constantly producing basic nitrogenous 
bodies. It is now well understood that with the exception of some special 
transformations under the influence of non-organized ferments, such as dias- 
tase, fermentation and putrefaction are caused by the growth of micro-organ- 
isms, these deriving their nutriment largely from such nitrogenous matter 
and phosphates as may be present in the surrounding medium. They 
convert much of the organic material into simpler compounds. The products 
formed vary with the nature of the organism. The same rule holds wUk 
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regard to the larger species of animals and plants, but an important practical 
difference is noted with regard to the disposition made of the products of 
the decompositions. The higher forms of animals live principally in the 
air, and are provided with elaborate excretory organs, by whidi all products, 
solid, liquid, or gaseous, can be promptly removed. The higher plants are 
capable of removing only the gaseous or volatile liquid products. Solids 
and non-volatile liquids are retained. When, however, the organism livA 
in a watery medium, the ordinary action of difiusion will cause the removal 
of most secretions formed within the body. It follows, therefore, that while 
in the higher animals, and also in micro5rganisms, the products of vital 
action will be continually excreted and mingle with the surrounding medium, 
the similar products in plants will be continually stored in some part of the 
structure. Thus, such oxalic acid as may be formed in the animal system 
by the oxidation of organic matter will be excreted in the urine, appearing, 
generally, as calcium oxalate, while the same product in a v^etable will be 
found deposited in the substance of the leaves. 

The recognition and isolation of the individual substances produced during 
the growth of micro5rganisms have only been attained within a few years, 
and many points still remain to be elucidated. To the basic bodies so formed 
the general term ** ptomain ** has been applied, while those produced in 
animals by systemic, physiological, or pathological processes are called 
'Meucomalns.*' From what has been said above, however, it will be seen 
that alkaloids, ptomalns, and leucomalns are all substantially the same in 
nature, the differences depending largely upon the conditions under which 
the bodies are produced. The ptomalns proper are often unstable, and those 
first formed are decomposed by the microorganisms which develop during the 
later stages of the decomposition. Several important ptomalns have been 
isolated. One of the most interesting examples is that discovered by Dr. 
Vaughan as a product of the incipient decomposition of milk. This was 
called by him " tyrotoxicon," but by further investigation he has identified it 
with diazo-benzene. Brieger has found that the organism peculiar to tetanus 
will, when growing in a proper culture-medium, develop a substance which 
he has called "tetanin,** which will produce the symptoms of tetanus when 
injected into an animal. The poisonous action of animal food when slightly 
stale or in incipient decay is to be ascribed to the formation of ptomalns ; 
for instance, the gastric and intestinal disturbances often produced by milk 
and cheese have been shown to be due to diazo-benzene compounds pro- 
duced during incipient decomposition as noted above. 

Vaughan has recently pointed out that marked differences exist between 
the ptomalns fanned during decompositions taking place in the presence 
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oi oxygen (aerobic) and those occurring in the absence of oxygen (anaerobic). 
The latter condition exists in buried corpses, and some of the ptomatns pro- 
duced under such circumstances exhibit reactions closely simulating those of 
the common vegetable poisons, especially morphin. 

These basic products of decomposing organic matter have attracted special 
attention on account of their toxic character and the bearing that their pro- 
duction has upon the causation of disease and on medico-legal questions 
concerning poisoning by the alkaloids proper. There is, however, nothing 
peculiar about the group as a product of the growth of microdrganisms. All 
the groups of organic bodies are represented in such action. 

Different species of microdrganisms may produce alcohols, acids, neutral 
substances, phenol and its derivatives, etc. The term ptomain is derived 
from a Greek word meaning a dead body, and following out the anal(^[y we 
might apply the same term to all the products of the decomposition of organic 
bodies under the influence of microdrganisms, distinguishing the different 
classes by the proper terminations. Thus, we would have ptomols, which 
would be the alcohols produced by such action, ptomic acids, etc. Lactic 
and butyric acids are ordinarily produced by the action of microbes, and are 
therefore ptomic acids. Common alcohol is a ptomol. 

It is to be noted, therefore, that the ptomatns are not peculiar as a class 
among the basic organic bodies, nor are they the only products of decompos- 
ing actions. 



BIOLOGIC CHEMISTRY. 

Biologic Chemistry is the study of the processes of animal and vegetable 
life. Both forms of life require for their maintenance solid and liquid food, 
and processes of respiration, by which gases are absorbed and evolved. 

VEGETABLE CHEMISTRY. 

Plants take their food in the form of unorganized material, and it is dis- 
tributed in great part by diffusion, as they do not possess a circulatory system. 
They are also apparently without any central nervous control, although some 
plants show irritability and contractility to a high degree. The general nature 
of vegetable action will be understood by the following sketch of the growth 
of a plant. 

The seed contains an embryo plant, generally with starch. When placed 
in the soil the embryo begins to grow and the starch is converted into sugar. 
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This serves as nourishment until the roots are sufficiently developed to get the 
nourishment from the soil. Experience has shown that good soil contains in 
soluble form potassium and ammonium compounds, nitrates and phosphates. 
These the plant takes up by its roots, while the leaves carry on, under 
influence of light, a process of feeding by which carbon is absorbed and 
oxygen thrown out. At the same time the leaves perform a respiratory 
function by which oxygen is absorbed and carbon dioxid exhaled. This 
process is independent of light. The plant thus continually grows. Warmth 
and moisture are necessary for these conditions. The final operation of plant 
life is the production of the fruit. The acids are also partly oxidized 
as the ripening proceeds. After the fruit is ripe it is liable to die and 
rot. This growth of the plant is accompanied by the production of different 
proximate principles. The most important of these are cellulose^ which con- 
stitutes the main framework of all vegetable structure ; starchy which is 
deposited in an organized form, and sugar ^ which,- being soluble, is found in 
solution in the fluids. Other proximate principles of plant life are resins, 
fixed and volatile oils, waxes, glucosids, and alkaloids. Many of these are 
excretions. The proximate principles of plants are frequently non-nitro- 
genous. The nitrogen of plants is largely in the seed. 

Chlorophyl. — This term is applied to the substance which gives the green 
color to plants. It has been much studied, but as yet its composition cannot 
be said to be definitely made out. Its formation in plants, it is well known, 
is best seen in the leaves and young stems, especially the former. Light is 
required for its production, because if plants grow in the dark they remain 
colorless ; but as soon as light is admitted to these colorless structures, the 
secretion of chlorophyl begins and the plants acquire a green color. It 
appears also to have some relation to the process of nutrition and respiration, 
for many plants which are true parasites, that is, live on the elaborated juices 
of other plants, are either nearly colorless, or have colors different from 
chlorophyl. A familiar example of this is the doddery a parasitic plant allied 
to the Morning Glory. It twines around succulent stems, penetrates into 
their substance and extracts the nutritive juices. As soon as it gets a firm 
attachment, the parasite loses all connection with the soil and lives entirely 
upon its host. It never forms chlorophyl; the stem remains of a bright 
orange color, the flowers are white, and the leaves are not developed. In a 
considerable number of parasitic plants the leaves are rudimentary. Accord- 
ing to some authorities chlorophyl consists of two distinct substances, one of 
which — cyanophyl — is blue and soluble in ether, the other — xanthophyl — ^is 
yellow and insoluble. This opinion, however, is opposed by other observers, 
wbo regard the two forms as decomposition products. No definite iuforma- 
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tion can be given as to the chemical nature of the well-known changes which 
occur in autumn. Some have supposed, as mentioned above, that the green 
color was due to the mixture of yellow and blue substances, and that the 
blue decomposed most easily, leaving the yellow, but this is not proved. 
It is not even known whether the chlorophyl is the same in all plants, nor 
why some leaves are evergreen and others fade invariably in the autumn. 

Solution of chlorophyl, which may be made by macerating leaves in ether 
or other suitable solvent, possesses a fine green color, and gives in the spec- 
troscope characteristic absorption bands. 



ANIMAL CHEMISTRY. 

The processes of animal life are more complicated than those of vegetable 
life. The animal has more functions; its vital action not only produces 
growth, but also renewal of tissue. The nourishing fluids in many animals 
are distributed, by mechanical action, to all parte of the body, and every part 
is under the influence of a central force called a nervous system. Animal 
structures are nitrogenous. The chief part of them are classed under the 
term albuminoids or proteids. They are very complicated in composition, 
containing carbon, hydrogen, oxygen, nitrogen, and sulfur, and are, therefore, 
prone to change, and capable of many modifications. Most of these modifi- 
cations are capable of existing in both a soluble and insoluble state, and the 
different forms may be distinguished, to a certain extent, by .the conditions 
under which each becomes insoluble. The important ones are : — 

/. Albumin. — Blood and white of egg contain this body in the soluble 
form, but the albumin of blood, ser-albumin, is not exactly like that of white 
of egg, ov-albumin. A form like the latter occurs in plants. Heat and nitric 
acid make all these forms insoluble. 

2. Globulin. — Exists in the crystalline lens and milk. 

J. Vitellin. — In yolk of egg, in association with fat. 

4. Casein. — Found in milk. It is not rendered insoluble by heat, but by 
dilute acids and certain ferments. 

5. Fibrin. — Obtained from blood, and chyle, and lymph. 

6. Peptones. — Formed by the action of gastric juice on proteids, and are, 
therefore, the result of digestion. They are not precipitated by ordinary acids. 

Gelatin and Chondrin. — These are obtained by the action of hot water on 
skin, fendons, and bones. They contain no sulfur. Ordinary glue is a form 
of gelatin. Like the albuminoids, it exists in a soluble and uvs<:A»b?«.\as5^i&s.- 
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cation ; the latter form is produced especially by tannin, and upon this prop* 
erty the production of leather depends. 

Cholesterol, C^H^O, probably Cj^H^jHO. — This is a non-nitrogenous 
substance met with in many parts of the body. It is found in bile and blood, 
also largely in brain and nerve substance. It is a common product of putre- 
factive change in muscular tissue. Cholesterol is but slightly soluble in 
water, but easily soluble in alcohol or ether, from which it crystallizes in 
pearly plates, showing a somewhat fat-like appearance. It is not fat, being 
incapable of saponification. It is regarded as monatomic alcohol, C^H^gHO. 
The radicle Cj^H^ is the twenty-fifth member of a series beginning with C^H. 
Bodies homologous with cholesterol probably occur in animals. Compounds 
with acid radicles have been obtained by heating cholesterol with various acids. 
A sodium compound, Cj^H^NaO, analogous to sodium ethylate, is also known. 

Taurin, CgH^NSO,, is obtained from bile, in which it exists in association 
with cbolates, constituting taurocholates. It crystallizes in prisms. It is 
soluble in water ; the solution is neutral to test paper but acid in its structure. 
It dissolves sparingly in alcohol. When taurin is taken with food, the larget 
part of it is excreted by the urine in a peculiar combination with carbamic 
acid, which is related to urea. It is amido-ethylsulfonic acid, being derived 
by the substitution of NH, for one molecule of HO in acid ethyl-sulfate, 
as will be seen by contrasting the formulae : — 

Acid Ethyl Sulfate. Taurin. 

CjHgHSO, C,H5(NH,)S0, 

It has been prepared synthetically. 

Glycocin, C^HgNOj, exists in bile, conjugated with cholates, as glyco- 
cholates. It may be separated by boiling the latter acid with barium 
hydrate, by which barium cholate is formed, and glycocin set free. It forms 
hard, granular, somewhat sweetish crystals, but slightly soluble in water. It 
gives, with strong solution of potassium hydroxid, an evanescent fiery-red 
color. It is amido-acetic acid, being derived by substituting one atom of H 
in acetic acid by NH^, thus : — 

Acetic Acid. Glycocin (Amido-acetic Acid). 

C^H.O,. C,H,(NH2)0,. 

By the action of nitrous acid on a solution of glycocin, it is converted into 
nitrogen and glycolic acid, which is elsewhere given as a product of the 
oxidation of ethene glycol. 

Leuciny C^HuNOj. — This is found in various organs, and is present, tome- 
t\mes, m the urine^ especially in affections of the liver. It can be obtained. 
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by the decomposition of proteids, for instaace, by boiling horn shavings with 
dilute sulfuric acid. It crystallizes in white shining plates, soluble in water. 
It forms compounds with both acids and bases. Its rational formula is 
CgHjQ(NH)20j, being caproic acid, with one H replaced by NH^, therefore 
amido-caproic acid. 

Tyrosiriy C^Hj^NOj, is formed from albuminous bodies, at the same time 
that leucin is formed, by the action mentioned above. It also occurs in the 
urine, but only in association with leucin. Leucin, itself, sometimes occurs 
alone in urine. Tyrosin differs markedly from leucin in crystalline form, 
being deposited in fine, needle-like crystals, which form stellate masses. They 
are but slightly soluble in cold water ;■ more so in hot. It combines both 
with acids and bases, forming, however, very unstable compounds. It is 
parahydroxybenzeneamidocaproic acid, HO(CgH4)C,H3(NH2)COOH. 

Leucin and tyrosin are formed when proteids are long subjected to action 
of the pancreatic ferment. 

The different proximate principles found in organized tissues were formerly 
grouped under the general title, " Extractives.*' 



COMPOSITION AND PROPERTIES OF SOME OF THE SOLIDS AND FLUIDS OF 

THE ANIMAL BODY. 

BONES AND TEETH.— These consist principally of calcium phos- 
phates, Cas(P04)2, calcium carbonate, and organic matter. The following 
table gives the approximate proportions ; — 

Young Child AduU Adult 

Femur. Femur, Tooth, 

CasCPO,), 50 60 66 

CaCO, 6 8 5 

MgsCPOJa I 1.5 I 

Organic matter, 43 30.5 28 

The teeth contain calcium fluorid and other matters not given in the table. 
The enamel contains only a few per cent, organic matter. It will be noticed 
that the bones gain in inorganic matter and lose in organic matter as the age 
advances. Hydrochloric acid will dissolve the mineral matter of bone, leav- 
ing the organic. Heated in contact with air, bone bums, leaving the mineral 
matter as bone-ash. 

MUSCULAR TISSUE.— This is nearly three-fourths water, the solid 
part consisting of fibrin and albumin. Muscle is alkaline when at rest, but 
becomes acid during action. 
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A part of the liquid matter in flesh is the true Juice of flesh. It has an 
acid reaction, and contains crystalline organic principles, among which are 
kreatin, inosite, together with potassium phosphate and other salts. 



BRAIN AND NERVE TISSUE. 

These are very complicated in structure. Brain contains about ninety per 
cent, water ; the remainder includes proteid bodies, which are partly soluble, 
but mostly insoluble in water, phosphorized bodies, which are regarded as 
derivatives from glycerophosphoric acid, C,!!,!^!}, various nitrogenous basic 
principles and inorganic salts. 

Glycerophosphoric Acid^ CjHjPOu, may be regarded as glycerol in which 
one molecule of hydroxyl is substituted by the molecule H,P04. It is, there- 
fore, an acid phosphate. It has been obtained synthetically by the action of 
glycerol and phosphoric atid, the reaction being as follows : — 

Ortho- 
Glycerin, phosphoric Glycerophosphoric 
Acid. Acid. 

C,H,(HO), + H3PO, = C,H3(HO),H,PO, + H,0. 

The free acid is somewhat easily decomposed. The phosphorized principles 
in brain from which glycerophosphoric acid may be obtained, and which are 
regarded as derivatives from it are, kephalin, QjH^POjj, myelin, under 
which term several bodies are included, and lecithin, C^jHg^NPOg, which 
exists in egg matter as well as in brain. 

Neurin^ CgH^gNO, is a basic substance existing in brain and also in yolk 
of egg. It possesses the general characters of an alkaloid. 

Cerebrin. — Under this term are included several proximate principles, con- 
taining carbon, hydrogen, nitrogen, and oxygen. When placed in water they 
do not dissolve, but swell up very much. They yield glucose when heated 
with dilute acids, and are, therefore, nitrogenous glucosids. 

Hypoxanthin^ C^H^N^O, and inosite^ CjHijOg, are found in other tissues 
besides brain. The first is a base. The inorganic constituents of brain are 
like those of the other tissues and fluids of the body, consisting of phosphates, 
sulfates, chlorids, etc., but copper is generally present in minute amount. 
Kephalin and lecithin are among the most important of the proximate princi- 
ples existing in brain tissue. They are very complex in structure, a single 
molecule including fat-acid radicles, a phosphoric acid radicle, and a substitn- 
tj'on amin radicle. Blyih has shown that sometimes in chronic lead poisoning 
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the lead is in association with the kephalin, probably replacing some of the 
hydrogen. 

Inosite is isomeric with glucose, but is not related to it. It is a benzene 
derivative. 

BLOOD. 

This, as the nourishing fluid of the animal, must contain all the materials 
necessary for the tissue, and, at the same time, it will always have more or 
less of the waste material in it. It is, therefore, very complicated. It con- 
sists of a clear liquid {liquor sanguinis) , holding in suspension ihxte forms of 
corpuscles, red, white, and transparent. The transparent form is nearly in- 
visible. The liquid also holds in solution numerous organic and inorganic 
substances. 

. Elaborate tables have been given of the composition of blood, but the fol- 
lowing is sufficient as an outline : — 

The liquor sanguinis contains — 

Water, 9a29 

Albumin, 7.88 

Fibrin, O.40 

Fat, 0.17 

Mineral matter, 8.85 

Extractive, 0.40 

The corpuscles contain — 

Water, 68.8 

Globulin and cell membrane, 28.2 

Hematin (including iron), 1.6 

Fat, 0.2 

Mineral matter (not including iron), 0.8 

Extractive, 0.3 

The "extractive " includes sugar, urea, and uric acid. 

The specific gravity of the liquor sanguinis is about 1.028. 

The blood is slightly alkaline when first drawn. Soon after leaving the 
body, the fibrin begins to solidify, and includes in its meshes the corpuscles, 
forming the clot, and leaving a clear liquid called serum. The cause of this 
coagulation is not well understood. It sometimes occurs within the body. 

Hemoglobin or Hematocrystallin is the coloring matter of blood. It is re- 
markable for containing a small, but constant, amount — about 0.4 per cent. — 
of iron. According to Kingzett, the analyses oC \x«aio^Qfovck. \^<%^'iic^'«:v^\a 
II 
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the formula CeooHgooFeNi^^SjOiYY. It can be broken up into an albuminous 
body of unknown composition, and a crystalline substance known as hematin^ 
C„H„FeN.O,. 

Hemoglobin bears a very important relation to the function of respiratioo. 
It 'can combine readily with oxygen, forming oxyhemc^lobin, the coloring 
matter of arterial blood. This oxyhemoglobin parts with its oxygen readily. 
This accounts for the readiness with which the transfer of oxygen through the 
blood occurs. Other gases, besides oxygen, are capable of combining with 
hemoglobin. One, carbon monoxid, unites with it so firmly that it cannot be 
easily displaced. Hence, when carbon monoxid is inhaled, death ensues from 
suffocation, because the hemoglobin is unable to give up the carbon monoxid 
and take the necessary amount of oxygen. 

Hemin. — By boiling blood with glacial acetic acid and a small amount of 
sodium chlorid, the mixture, by evaporation to dryness, yields rhombic oys- 
tals, to which the composition of Cj^Hj^N^FeOgCl and the name hemin' is 
assigned. 

The albuminous principle in blood is a form called seralbumin. It can be 
precipitated by boiling, after the addition of a little acetic acid. 

The mineral matters in blood are principally sodium chlorid, sodium car- 
bonate, potassium phosphate, and potassium chlorid. Iron is always present, 
and is found only in the red corpuscles. 

The gases of the atmosphere, especially oxygen, are present to a small 
extent in blood. 

CHYLE AND LYMPH. 

Chyle is the fluid collected from the stomach and intestines, by the lym- 
phatics arising from these organs. It is milk -like during digestion, owing to 
the presence of minute particles of oil. Chyle and lymph contain fibrin and 
are spontaneously coagulable. The analysis of chyle is as follows : — 

Water, 90.48 

Fibrin, trace 

Albumin, 7.08 

Fats, 0.92 

Extractives, I 

Salts, 0.44 



99.92 

It has been calculated that about six and six-tenths pounds of chyle are 
formed and poured into the blood during the twentjr-four hours. The fibrii| 



MILK. 163 

is not found in chyle as first absorbed from the intestines, and appears to be 
formed, while passing through the thoracic duct, from the soluble albuminoids 
present. The extractives include urea, leucin, and tyrosin. The salts resem- 
ble those of blood. The fats occur perfectly emulsified. 

Lymph is regarded as the serum of the blood, which has been transuded 
into the tissues and reabsorbed and carried back into the circulation by the 
lymphatics. It is alkaline in reaction, and consists of a fluid and white corpus- 
cles, much the composition, therefore, of diluted serum. It b a dear, 
straw-colored fluid, containing less fibrin and fatty matter than chyle. The 
fat occurs in globules. The average composition of lymph may be given 
as: — 

Water, 95.00 

Albumin, 

Fibrin, 

Fatty matter, ' 

Salts, 



Solids 



100.00 



MILK. 

Milk is a liquid, secreted by a special gland, called the mammary gland, 
the presence and function of which are characteristic of a class of animals 
(mammalia) the highest in the scale of organic nature as known to us. It 
consists of a clear liquid, holding fat in suspension in the form of distinct 
globules, about .0002 of an inch in size, under conditions which prevent spon- 
taneous coalescence. Its composition differs slightly in different animals, but, 
for the same animal, is pretty constant. Cow's milk has been most exten- 
sively studied. It and human milk are, of course, the most important. The 
composition of human milk is erroneously given by some authorities. The 
quantity of proteids does not usually exceed two per cent. The following 
table shows the comparison between cow's milk and human milk : — 

Cow's Milk. Human Milk. 

Fat, 3.9 3.5 

Sugar, 4.3 6.5 

Proteids, 3.8 1.6 

Salts, 0.7 0.25 



12.7 11.85 

The ^cific gravity of both milks is about 1. 030, 
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The composition of the fat, and the general nature of the milk sugar, have 
been considered elsewhere. The proteids include casein, albumin, and globulin. 
The salts of milk are potassium and sodium chlorids and phosphates. The 
reaction of milk appears to be not constant; it is generally, but not always, 
slightly alkaline. If rendered distinctly acid, the casein becomes insoluble 
and precipitates, carrying with it most of the milk globules ; the precipitate is 
the curd ; the clear liquid, the whey. The relation, therefore, of fresh to 
curdled milk is somewhat like that of fresh to clotted blood, the butter 
globules corresponding to the corpuscles, and the casein to the fibrin. The 
so-called spontaneous curdling of milk occurs from the milk sugar undergoing 
the lactic acid fermentation, under the influence of microbes. In this fermen- 
tation of lactic acid some of the milk sugar is converted into glucose, and 
this latter may undergo conversion into alcohol. The alcoholic liquid thus 
obtained is called koumis. Milk is a nearly perfect diet, but is deficient in 
iron. Cream is only milk rich in oil globules. Normal milk sometimes 
becomes highly albuminous, and acquires a condition of "ropiness.'' 

Colostrum y the first secretion of the mammary gland, is peculiar in several 
respects. It is denser than ordinary, the specific gravity being about 1. 045 to 
1.050. The fat is aggregated into much larger masses, and albumin is present, 
sometimes, in considerable amount. 



DIGESTIVE SECRETIONS, 

From the mouth to the terminus of the intestine extends an unbroken line 
of mucous membrane, every point of which possesses secretive powers more 
or less distinct in different parts. In addition to the various secretions thus 
introduced, a number of special glands located outside of the limits of the 
mucous membrane empty, by means of ducts, their secretions into the digestive 
tract. The first of these is the — 



SALIVA. 

Saliva is the secretion of several glands. It is obtained pure only with 
difficulty. Human saliva is a turbid, opalescent, viscid, and feebly alkaline 
fluid, of low specific gravity (1.005). 

Ptyalin {ptyalase) is a ferment. Its composition has not been accurately 
determined. Its special function is the power of converting starch into sugar. 
Its solution is not coagulated by heating. The saliva also contains potassium 
thloc^anatCf KC^S, (be function of which i§ not known, 



GASTRIC JUICE* l^' 

While ' the secretions of the mouth remain alkaline there is a tendency to . 
deposit calcium compounds on the teeth. This constituted tarfdr,.9Xid fd- 
though it protects the body of the tooth it has an injurious effect on. the gums. 
Under some conditions the secretions of the mouth become acid ; tartar is then . 
no longer deposited, and the decay of the teeth is usually hastened. 



GASTRIC JUICE. 

Gastric juice is secreted by a special set of glands which are especially 
excited to action by the presence of food. The secretion is a thin, glairy 
fluid, of a yellowish tint and somewhat variable in composition. It is, as 
usually obtained for examination, mixed with some saliva. Its specific 
gravity is not constant, being generally about i.oio. It, does not coaguUte 
on boiling and is less liable to putrefaction than other secretions. .The. exact . 
amount of gastric juice secreted in a given time and the composition of ^t'is 
differently given by different authorities, partly on account of difficulty of ob- 
taining it pure, partly because of the want of exact methods of analysis. Two 
important constituents are, however, characteristic of it, free hydrochloric, 
acid and a nitrogenous ferment, pepsin (pepsase). The following is given as 
an analysis : — 

Water, 99.44 

Pepsin and other organic matter, • . • ... . ... . .32 

Hydrochloric acid, 25 

Sodium chlorid, • « 14 : 

Potassium ** .05 

Calcium " - . . ,. 006 

" and magnesium phosphates, . : ...;..•• .015 



100.221, 



Some observations indicate a variation of from 0.32 to 0.5 per cent, in the 
amount of hydrochloric acid, the average being about .17 per cent., or 1.7 
per 1000. The quantity of the secretion has been estimated at from sixteen 
pounds to thirty -one pounds in the twenty-four hours. As mentioned above, 
the characteristic and important ingredients are the hydrochloric acid and 
pepsin. It appears, however, that other acids are occasionally present, espe- 
cially lactic acid. The acidity has been ascribed to acid phosphates. 

Pepsin {pepsase), — This is a nitrogenous ferment which may be obtained 
from the gastric juice of various animals. As usually obtained, it is a grayish- 
white or yellowish- white powder, insoluble in pure water, but soluble Iq, 
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dihite acids. Its important property is its power to render soh^le and dififbsi- 
ble, proteids, such as white of egg. The presence of an acid is required for 
the process. The pepsin is not destroyed in the process, but appears to act 
only foy its presence. The proteids are first chlmged into proteoses and then 
into peptones, but pepsin forms peptones rather slowly. The proportion of 
pepsin required to change a certain amount of proteid is very small. The 
process is digestion ; it is exerted with nitrogenous forms of food ; the oils, 
fats, starches, and sugars are not aifected. The process of digestion is inter- 
fered with by the absence or great excess of free acid, and by the presence 
of alcohol. 

BILE. 

Bile is secreted by the liver, the largest secreting organ in the body. It 
is a yellowish-green, viscid liquid, of specific gravity about 1.020. If it be 
freed from intermixed mucus it loses its viscidity and shows but little tend- 
ency to putrefaction. It has a bitter taste and an alkaline reaction. 

The quantity secreted is estimated at about forty ounces in twenty-four 
hours. This is all poured into the intestines, but the greater part of it is 
reabsorbed. 

An important property of bile is its reaction with fatty substances. It 
emulsifies them, that is, breaks them up and renders them miscible with 
water. By such action the fatty matters of the food are subdivided suffi- 
ciently to allow of their absorption by the lymphatics of the intestine. In 
the intestinal . canal, bile is supposed to act, in addition to its digestive func- 
tions, also as an antiseptic and mild stimulant to the muscular coat. 

The inorganic constituents of bile are water, chlorids, and phosphates, 
and need no special mention. The principal organic constituents are sodium 
glycocholate and taurocholate, cholesterol, and several pigments. It contains 
no albumin. The glycocholate and taurocholate can be decomposed by 
sulfuric acid and the free acids thus obtained. Although not existing in bile 
in the free state, their properties are of interest, and have been alluded to in 
connection with the descriptions of taurin and glycocin. Taurocholic acid 
contains sulfur ; glycocholic acid does not. 

Bile Pigments. — Several bile pigments exist. Three have been distinctly 
indicated and analyzed, viz. , hilirubifiy biiiverdin, and bili/uscin. 

Bilirubin^ CgHgNOa- — This is, according to Thudichum, a monobasic acid, 
and exists in bile in the form of a calcium salt. When liberated by the action 
of acids it forms a powder of a brilliant red color, insoluble in water, alcohol, 
and ether, but soluble in chloroform. Nitric acid containing nitrous add 
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produces with bilirubin a play of colors, from green, through blue, violet and 
red, to yellow. The final product of the reaction is choletelin, said to be 
identical with urinary pigment. This reaction is utilized as a means of 
detecting traces of bile in organic fluids. Bilirubin is suppose to be the 
substance which gives the yellow color to the skin in jaundice. 

Biliverdifiy CgHgNO,. — This coloring matter is produced when bilirubin is 
dissolved in caustic alkali and exposed to the action of oxygen for some time. 

Bilifuscin, CgHuNOj. — This coloring matter can be obtained directly from 
bile or from gall stones. 

Sodium taurocholate and glycocholate give, with a mixture of sulfuric acid 
and sugar, a violet color, which has been called Pettenkofer's reaction. It 
was at one time supposed that bile products were the only ones that would 
give this, but other bodies which give it are now known. Still, with proper 
manipulation, this reaction is a good test for the presence of bile. Some sub- 
stances give the reaction with sulfuric acid alone, but these are nearly all 
glucosids, and under the influence of the acid they yield the glucose which is- 
necessary for the test. 



PANCREATIC SECRETION. 

Pancreatic Juice is a viscid alkaline secretion, of a specific gravity about 
1 .008. It contains about ten per cent, of solids, and, unlike bile and gastric 
juice, is very liable to putrefaction. Its functions are somewhat similar to 
those of the saliva ; the pancreas has been called by physiologists the abdo- 
minal salivary gland. The exact composition of the secretion is not yet made 
out. It contains at least three digestive ferments : trypsin (trypsase), which 
has the power to convert proteids into peptones in alkaline solution, and is 
much more powerful than pepsin ; a diastatic body, amylopsin (amylopsase), 
which converts starch into sugar, and a substance capable of emulsifying 
fats. 

The amount secreted is small ; about five ounces, in the twenty-four hours. 



THE INTESTINAL JUICE. 

In addition to the digestive secretion considered above, the glands of the 
intestines throw out secretions amounting, according to some authorities, 
to ten ounces in the twenty-four hours. Very little is known of the composi- 
tion of these secretions, on account of the difficulty of obtaining them 
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pare and in sufficient quantity. Some writers have described the intestinal 
juice as a viscid, transparent, alkaline secretion, which is coagulated by 
some substances^ and contains from two to two-and-a-half per cent, of 
solids. Its chemical action on the food is supposed to be about the same 
as that of the pancreatic juice. 

EXCRETIONS. 

A considerable number of products formed in the animal system are of 
such a character that they must be removed sooner or later from the 
body, or injury to health will result. For some of these the special secretory 
organs are provided, and, consequently, such products are both secretions 
and excretions. Two of these will be Jiere considered : sweat and urine ; 
the first the secretion of the skin, the second, of the kidneys. The two 
organs stand to each other in a vicarious relation ; that is, one is capable, to 
a certain extent, of performing the functions of the other; but this substitu- 
tion is not perfect. 

SWEAT. 

This term includes only the fluid portion of the secretion, but experiment 
has amply demonstrated that carbon dioxid is also given out, although 
only in small proportion. The water, for the most part, passes off in an 
insensible form, being carried away in solution in air surrounding the body ; 
but when this air is saturated with moisture, or when the secretion of sweat 
becomes much increased, the water accumulates on the surface of the skin 
in the form of drops. From various experiments it has been concluded that 
the amount of water passed off by the skin in twenty-four hours is about two 
pounds ; the amount of carbon dioxid is only about -^ of that given off by 
the lungs. Very little is known about the solid contents of the sweat. Its 
composition is probably variable, even within the limits of health, and 
undoubtedly considerable changes take place in disease. The results of 
analyses are not very satisfactory. Urea is generally present in small 
amount, and the secretion is sometimes acid from the presence of free fat- 
acids. 



URINE. 

Characteristics of Normal Urine. — It is a clear, pale yellow or amber- 
colored fluid, of acid reaction. Its specific gravity within the limits of health 
may vary from 1.018 to 1.030. The quantity passed in the twenty-four hours 
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by a male adult in good health may be approximately fixed at fifty fluid ounces 
— about fifteen hundred cubic centimetres. 

The composition of the urine is very complex, and the published analyses 
are mostly unsatisfactory by reason of indefinite statements. It is convenient 
to divide the solid matters into two groups, organic and inorganic. The most 
important bodies in the former group are urea, uric acid, and creatinin. Urea 
is excreted in considerable amount (30 to 40 grammes per day in the case of 
a healthy male adult), but the excretion of uric acid and creatinin is far less. 
The inorganic ingredients consist of sulfates, chlorids and phosphates, potas- 
sium, sodium, calcium, and magnesium being the positives present ; but it is 
not possible to state just how these combinations occur. It is believed that 
most of the chlorin occurs as sodium chlorid, the rest as potassium chlorid. 
Calcium and magnesium probably occur mostly as phosphates. Certain 
ethereal sulfates, especially phenyl sulfate, occur in small amount. Among 
the organic bodies often present in minute amount are acetone, aceto-acetic 
acid, indican, and hippuric acid. In addition to these ingredients many 
others are present in very minute amounts. 

Ureay CH^NjO. — This is almost always present in the urine, and except 
in disease, is its most abundant solid constituent. It is isomeric with ammo- 
niuib cyanate, (NH^)CNO, and can be formed from it. Its rational formula 
is generally given as (CO)H^N2, being diamin, HgN,, in which two atoms of 
hydrogen are replaced by the acid radicle (CO). It ought, therefore, to be 
called carbonyl diamid. It is a colorless, easily crystallizable solid, soluble 
in its own weight of water ; also soluble in alcohol. It is decomposed by 
heat and by many chemical agents. In the presence of putrefying or ferment- 
ing substances it takes up two molecules of water and becomes ammonium 
carbonate : — 

CH^NjO + 2H,0 = (NHJ2CO3. 

The reaction does not occur with a pure solution of urea in water, but quickly 
occurs in ordinary urine, on account of the decomposition of the mucus. By 
this reaction stale urine becomes alkaline. With sodium hypobromite or 
hypochlorite, urea is decomposed, carbon dioxid and nitrogen being given off 
in the free state. 

Urea is a base forming a series of well-marked salts, in which, as in the 
case of the organic bases generally, the acid unites without loss of hydrogen, 
but only one molecule of acid is taken up. Urea nitrate, for instance, is 
CH4N30,HN08, and urea oxalate is {Q,Yi^.p\^f,p^. These are but 
sparingly soluble in water. Urea exists in the urine in the free state. 
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Uric Acid, H^C^H^N^O,. — This is contained in urine only in small quantity 
in health. It is a very common ingredient of urinary calculi and deposits. 
When pure it is a white, crystalline powder, almost insoluble in cold water. 
It forms two classes of salts, acid and normal. They are, in general, more 
soluble in water than the free acid. The normal urates are easily decom- 
posed. When uric acid or urates precipitate from urine they generally carry 
down with them some of the coloring matters of the liquid. 

Xanthifif CjH^N^Oj, which differs from uric acid only by having one less 
atom of oxygen, is present in small amount in normal urine. Very rarely it is 
encountered as a form of calculus. It forms white, amorphous granules, and 
yields compounds with acids. 

Hippuric Acid, HCjHgNOj. — ^This substance is present only in small 
quantity in human urine, about one gram being passed daily. 

Absolutely reliable analyses of urine can only be made on samples that are 
less than twenty-four hours old. 

Samples of urine may be preserved by the addition of chloroform, a few 
drops to the fluidounce, but the sample must be thoroughly boiled before 
applying the copper or bismuth tests for sugar. Chloroform does not give the 
phenylhydrazin test 

Specific gravity is generally taken by means of a urinometer, which is a 
graduated bulb-tube weighted so as to float upright. Extreme accuracy is not 
required, a difference of a few degrees not signifying anything clinically. In 
using the urinometer the following precautions are necessary : — 

[d) The urine must be at a temperature near 60° F. ; the determination 
should not be made when the liquid is first passed. 

{b) The instrument must be placed in carefully, and the glass vessel must 
be wide enough to allow it to float freely. 

In reading the degrees care should be taken to avoid error from the curved 
line which the liquid forms with the stem. Some urinometers are graduated 
to read at the highest point of this curve, others at the actual level of the 
liquid. To determine the proper method the instrument should be carefully 
floated in some distilled or rain water at a temperature of 60° and the position 
of the zero noted. 



If the zero corresponds to the line a b each reading of gravity should be a| 
the top of the curve, but if it corresponds to the position c d, then the reading 



URINE. 171 

sfabnld be along the real level of the liquid, and the eye should be placed on 
a line just below this level. If the zero point is at neither of the places noted 
the mstmment is unsuitable for use. 

The cheaper forms of urinometers are usually quite sufficient for clinical 
purposes. 

Reaction. — Urine, when fresh, is generally decidedly acid, due, probably, 
to acid sodium phosphate, but when uric and hippuric acids are in excess 
they may also contribute to the acidity. The acid reaction increases slightly 
after the urine has been passed, but very soon the mucus begins to decompose 
and causes the urea to become ammonium carbonate. The liquid becomes 
alkaline and very foul. A neutral condition or transient alkalinity, called the 
alkaline tide, is seen in the urine secreted just after a meal, and an alkalinity 
due to decomposition is noticed in those cases in which, owing to obstruction, 
the liquid is retained in the bladder for some time. 

For determining reaction, litmus paper is suitable. A solution of litmus is 
prepared by boiling it in water ; this is divided into two parts, to one of which 
some strong acid is added, drop by drop, until the color is wine-red. This is 
then mixed with the other half of the liquid. Slips of filtering paper are 
dipped in thb liquid and dried. They will assume a purple tint and are very 
delicate, responding either to a trace of free acid or of alkali. By employing 
this form of paper we avoid the necessity of using two colors. The paper 
should be cut into pieces about one-half an inch square, one of these being 
dipped into the sample to be tested. No piece should be used a second time. 
lAtaaus paper is best kept in a closed bottle away from the light, but litmus 
sohition must be kept in an open bottle. It will then keep for a long time, 
while in a closed bottle it will soon decompose. 

The principal coloring matter of normal urine is urobilin , an oxidation 
produced from blood. In febrile conditions a less oxidixed body occurs, 
which MacMunn has called pathologic urobilin. 

Abnormal Coloring Matters. — These include various modifications of the 
blood-coloring matters, a special color known as uroerythrin, biliary products 
and colors due to articles of food. 

Blood Colors. — These give to the urine a smoky color when in small 
amount ; large quantities color it red. 

When blood itself appears in urine the corpuscles may be recognized by 
the microscope, and the condition is called hematuria, but if only the coloring 
matters of the blood are present the condition is called hematinuria. In the 
latter case the abnormal ingredients are recognized by spectroscopic and 
chemical methods. A good test is to add to the liquid a small amount of 
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tincture of guaiacum and a few drops of ether containing hydrogen dioxid. 
If blood products be present a blue color will be imparted to the ether. The 
ethereal solution of hydrogen dioxid may be easily prepared by shaking an 
amount of hydrogen dioxid solution with an equal volume of ether, and 
decanting the latter. The solution does not keep well. Care should be taken 
to use a good quality of hydrogen dioxid. Ten -volume solutions are now 
easily obtainable, but there is much inferior material on the market. 

Biliary Coloring Matters. — When these are present in decided amount 
they give a yellow color to the urine. The test is fuming nitric acid, which 
gives a series of colors in the order, green, blue, violet, and yellow. The 
green color at the beginning is especially typical. The test is best performed 
by placing on a plate a drop or two of the urine and of the test liquid, and 
allowing the two to mingle slowly. 

Chlorids are diminished during febrile conditions; sometimes entirely 
absent. They may be at once recognized by adding a few drops of nitric 
acid, and then silver nitrate. A white precipitate is formed if chlorids are 
present. 

Sulfates. SO^ occurs in urine in two forms of combination ; ordinary sul- 
fate, probably KjSO^, and as a compound ether with phenyl, probably potas- 
sium phenyl sulfate, KCgH5S04. This must not be confounded with phenol 
sulfonate, KCgHj^OSOj with which it is isomeric. 

Ordinary sulfates are detected by adding solution of barium chlorid and a 
few drops of hydrochloric acid to the filtered urine. A white precipitate 
(barium sulfate) shows sulfates. The ethereal sulfate does not respond to this 
test. By boiling the urine with hydrochloric acid the phenyl sulfate is broken up 
and will then give the barium reaction. This method is utilized for estimating 
the amount present. From the difference in weight between the barium sul- 
fate produced from equal volumes of the sample with and without treatment 
with hydrochloric acid, the proportion of SO4 present as phenyl sulfate may be 
calculated. 

Phosphates. — Potassium and sodium phosphates are called alkaline phos- 
phates; calcium and magnesium phosphates are called earthy phosphates. 
The former are freely soluble in water, but not all of the latter ; both are 
soluble in acids. 

The amount held in solution depends in part on the amount of acid, also on 
the temperature. These facts are important, because a deposit of phosphates 
may occur, either from alkalinity or deficient acidity of the urine, or from 
actual excess of the phosphates themselves. The clinical significance of these 
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conditions is, of course, very different. By means of litmus, as already given, 
the reaction of the liquid can be easily ascertained. Deposits of phosphates 
are generally bulky and white, remaining undissolved when the liquid is 
boiled — being thus distinguished from urates — but dissolving in hydrochloric 
or nitric acid. Such deposits have no significance when found in urine which 
has become stale and has thus acquired an alkaline reaction. 

Urine almost always produces a precipitate of earthy phosphates on boiling. 
The exact nature of the change is not certainly known, but it is probable that 
the urine contains calcium acid phosphate which breaks up into calcium diacid 
phosphate, that is freely soluble in water, and calcium phosphate that is insol- 
uble. The reaction may be thus represented : — 

2Ca,H,(P0«), = CaH,(POJ, + Ca,{PO,),. 

On adding a few drops of any strong acid the calcium phosphate passes 
into solution. By this means the precipitate may usually be distinguished 
from proteids. 

Phosphates are found as deposits in various forms, which are, in the maini 
distinguishable from each other and everything else by the microscope. 

Oxalates. — Calcium oxalate, CaC204, is the only one requiring notice. 
It is deposited in the minute but very distinct octahedral crystals and also it 
dumb-bell forms. 

Uric Acid. — Excess of uric acid sometimes produces a brick-red deposit 
of small crystals. Under the microscope, even with a low power — 40 to 60 
diameters — these show various forms, generally lozenge-shaped. 

A deposit of urates may be recognized by the red color, and by dissolving 
in whole or in part by heating the liquid in which it is suspended. 

Uric acid, or any of its compounds, may be recognized by the so-called 
murexid test. The sediment is treated on a watch glass or cover of a porce- 
lain crucible, with a drop or two of nitric acid — not very strong — and then 
carefully evaporated to dryness. A drop of ammonium hydroxid is then 
added, and if uric acid is present a purple color will be produced. 

Albumin. — The tests for albumin are dependent on its coagulation. The 
liquid should be filtered before the tests are applied and its reaction noted. 
Dr. D. D. Stewart has made careful studies of the tests for proteids in urine, 
and in this article I have quoted freely from his publications. 

Heat. — The most delicate clinical test is the simple one by heat, adding 
acetic acid beforehand, only if the specimen be but faintly acid, and then 
boiling the uffer stratum in a long, narrow test-tube, subsequently comparing 
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the Upper and lower strata with the aid of a dark background. Should a 
cloud form, a few drops of a dilute solution of acetic acid should be added. 
No dependence is to be placed on a cloud appearing some time after the urine 
has cooled, if acetic acid has been added in any save the smallest amount. 
In the other event, the cloud is probably due to nucleo-albumin. The boiling 
test so used is very much more delicate than the nitric acid method. There 
is no test for serum-albumin without some source of fallacy. If much nucleo- 
albumin be present, and an excess of earthy phosphates, the heat test may 
mislead. Nucleo-albumin can usually be excluded by the use of citric acid, 
by the underlying method, to the cold urine. 

Nitric Acid, Heller's Test. — This acid produces coagulation in the 
cold, and gives us a method but little liable to fallacy. About fifteen drops 

of commercial nitric acid are placed in a somewhat narrow 
test-tube, and about a drachm of urine poured slowly down 
upon it, holding the tube considerably inclined. Another 
method, and one preferred by many, is to put the urine in 
first and pour the acid down the side of the inclined tube, 
when it will run below the urine and form a clear layer at 
the bottom of the tube. For this and all other tests in 
which heat is not required, the test-tube designed by Mr. 
J. A. Kyner, of the Philadelphia Polyclinic, will be found 
very suitable. To use it the test material is put into the 
tube and then a piece of filter paper adjusted in the funnel- 
shaped top, so that the filtrate will run down the tube ; the 
urine is then poured on the filter and will soon run through. 
Any precipitate at the point of contact will be at once 
seen. When no response is obtained the test-tube should 
be placed in hot water for a few moments and again ex- 
amined. It must not be heated over a flame. 

Fallacies. — Urine rich in urea sometimes gives a pre- 
.cipitate of urea nitrate, which might be mistaken for 
albumin. It can be distinguished by its solubility when warmed, and by its 
crystalline character. 

.Excess of urates may also produce a misleading precipitation, but the ring 
produced by these is generally more irregular, and after a few hours is con- 
verted into the crystalline uric acid, which is easily recognized under the 
microscope. 

In exceptional cases resinous bodies which have been given as medicines 
may be found in the urine in ^mbinf^tioQ with tlie bases present. Such com- 
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pounds may be decomposed by the acid and the resin precipitated as an amor- 
phous mass, which may simulate albumin. The distinction will be the odor 
of these resins and their solubility in strong alcohol. In addition to these 
points, the fact of their being administered will suggest precaution in regard 
' to the test. 

Picric Acid. — A saturated solution is a delicate test, but precipitates bodies 
other than albumin. This reagent is used by cautiously overlaying with the 
solution the urine to be tested. A cloud appears at the line of junction. It 
has been shown, that the non -albuminous urine of persons taking quinin will 
give a precipitation with this test ; so also will the transformed albumins 
known as peptones. Nucleo-albumin reacts only slightly in the quantity in 
which it is present in urine. The negative evidence furnished by the test is 
often of value, as it saves more troublesome examination. 

Trichloracetic Acid, HC,C1jO,. — This is a white, crystalline, deliques- 
cent solid, whidi dissolves easily in water. It is employed in saturated solu- 
tion, which is easily prepared by allowing the solid to deliquesce by exposure 
to air. It is the most delicate test for proteids in urine irrespective of nature, 
but is too delicate for practical clinical work. 

Of the proteid bodies usually occurring in urine, all but the peptones are 
precipitated by saturating the liquid with ammonium sulfate. This is easily 
done by adding the powdered material until no more is dissolved. Ovalbumin, 
seralbumin, paraglobulin, and the albumoses are separated, and may be col- 
lected on a filter. To detect peptones, the filtrate should be treated with a 
drop of a solution of copper sulfate and then considerable caustic soda added. 
A pink color shows the peptones. 

To detect and distinguish the different proteids thrown down by the ammo- 
nium sulfate, the precipitate is washed, while on the filter, with some solution 
of ammonium sulfate and then dissolved by the addition of distilled water. 
Ovalbumin is coagulated by ether, seralbumin is not. Paraglobulin and albu- 
mose are precipitated by saturating the liquid with magnesium sulfate. By 
collecting the precipitate so formed, adding to it boiling water and adding a 
few drops of acetic acid, albumose will dissolve, paraglobulin will not. 

In applying tests for minute amounts of proteids, it must be borne in mind 
that ordinary filter paper will yield to cold water sufficient vegetable albumin 
to react with delicate tests. 

Nucleo-Albumin. — This body, commonly called mucin, is usually present 
in urine and simulates albumin in some of the tests. Its clinical chemistry 
has been fully discussed by Dr. D. D. Stewart, who employed a commercial 
l?^cleo-a]bumin obtcuned from bile and believed to be identical with that 
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occurring in urine. He found that solutions of citric acid both dilute and 
concentrated used by the underlaying method, as described in connection 
with the nitric acid test for albumin, gave distinct contact rings. Picric acid 
associated with citric acid also gave such precipitates, but picric acid alone 
gave with solutions containing not more than .02 per cent, of nucleo-albumin 
only a tardily appearing haze. 

Pus. — Pus is detected by the microscope, by which its cells may be seen 
in abundance ; the liquid itself will give reactions for albumin. If a solu- 
tion of caustic soda be added to urine containing pus, and the mixture poured 
a few times from one test to another, it will become very thick and viscid. 

Sugar. — ^Trommer's Test. — Add to about i fluidrachm of filtered urine 
enough copper sulfate solution to give a faint greenish-blue tinge, and then 
at least twenty drops of a strong solution of sodium hydroxid, and boil. If 
sugar be present, a greenish-yellow precipitate will form, which becomes, 
on further boiling, of a bright salmon color. If no sugar is present the 
precipitate will be bluish-green, and upon further boiling will turn black. 
A light brown, flocculent precipitate is often produced in urines free from 
sugar, and must not be mistaken for sugar reaction. 

Allen recommends the following for doubtful cases : Heat to boiling ten 
c.c. of Fehling's solution, and add a nearly equal quantity of the urine ; heat 
again for a few minutes, and allow to cool. If no turbidity is produced as 
the liquid cools, the urine contains less than -^j^ of one per cent. 

Boettger's Test. — Add to a filtered urine about half its volume of solu- 
tion of caustic soda, and then a pinch of pure bismuth subnitrate. Shake 
the mixture and boil for a minute or so. Presence of sugar will be indicated 
by a d/acJ^ precipitate. If sugar is not present the precipitate will be white, 
or at most, somewhat gray. The action does not take place unless consider- 
able free alkali is added. This test is very delicate and tolerably free from 
fallacy. Dark-colored urines of high gravity generally produce a gray pre- 
cipitate, which might be mistaken as an indication of the presence of small 
amounts of sugar. The precipitate is not so heavy, and does not settle so 
rapidly nor so completely. For proper use it is well to purify the commercial 
bismuth nitrate by dissolving it in nitric acid, adding a few drops of hydro- 
chloric acid, filtering and pouring the filtrate into a large volume of cold 
water. The precipitate collected, washed, and dried, is in excellent condi- 
tion for use. Albumin, if present, must be removed before applying this 
test. 

Fermentation Test. — Yeast readily converts glucose into alcohol and 
carbon dioxid, and, since the latter is a gas, its production may be used as « 
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mean& of detecting and estimating the giticose in oritke. Nomial urine gives 
Some gas with yeast, and the feitnentation test has no advanti^e over the 
regular chemical tests. 

Polarization Test. — Reference is made in the article on the sugars to 
the rotation of the polarized ray, and since, under definite conditions, the 
degree of rotation is dependent on the amount of sugar present, it may be 
used as a means of detection and estimation. In practice, however, there 
are numerous difficulties. The apparatus is expensive and requires skill in 
use. Urine, especially in diseased conditions, contains bodies other than 
sugar which affect polarized light. Levulose, which has left-handed rotation, 
may be present and render the measurement valueless. 

The optical and fermentation tests are quite unsuited to the determination 
of small amounts of sugar; the reducing tests are delicate, especially the 
bismuth tests, but there are several substances normally in urine, uric acid, 
xanthin, creatinin, and occasionally glycuronic acid, which simulate sugar 
very closely. To test properly, therefore, these bodies must be removed by 
methods which will not interfere with any sugar. Allen states that, accord- 
ing to Voit, creatinin may be excreted in quantity as high te five grams in 
twenty-four hours. This proportion would give a reducing action equal 
to 0.32 per cent. 6f giticose. 

The following procedure for determination oif stigar is partly that proposcfd 
by Maly, improved by G. Stillingfleet Johnson, and still farther improved by 
Allen. Sixty c. c. of the urine are boiled for five minutes with k 5 c. c. of saturated 
solution of mercuric chlorid and 3 c.c. of saturated solution of sodium acetate, 
and the liquid filtered while hot. This ti^iitment precipitates the albuminous 
matters, phosphates, uric acid, ^anthin, aind congeners, creatinin, and most of 
the coloring matters. The material on the filter is twice washed and 
washings added to the filtrate. The liquid is then boiled for ten minutes with 
zinc dust (this is now a standard reagent easily obtained) and again filtered. 
The precipitate is washed, the washings added to the filtrate, and the whole 
liquid diluted to a definite vdtme, with which qualitative and quantitative 
tests may be employed. 

PhenylhydrAzin Test. — Phenylhydrazin has the property of forming 
sparingly soluble crystalline compounds with the sugars. It was employed 
in the researches into the structure of the sugars, and is recommended by 
von Jaksch for clinical testing. The following method is substantially due 
to C. Schwartz^ 10 c.c. of the urine are heated to boiling and treated 
with 5 CO. of a 10 per cent, solution of lead acetate. The liquid is boiled 
f^d filtered hot, Solution of sodium h^^dtoxic) In imiount Sufficient to n- 
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dissolve the precipitate, which first forms, is added to the filtrate, then as 
much phenylhydrazin hydrochlorid as will lie on the point of a penknife is 
dropped in. The liquid is then boiled for some minutes and then strongly 
acidulated with acetic acid. In the presence of much sugar an immediate 
yellow turbidity will be produced, but if only minute traces be present, a yel- 
low coloration appears. The liquid on standing for some time becomes 
turbid. For positive identification, the precipitate, which is a compound of 
the sugar with the reagent, should be examined by the microscope to demon- 
strate its crystalline structure. .05 per cent, of glucose can be detected by 
tiiis test. Dextrose and levulose give identical results. Glycuronic acid (a 
rare substance closely allied to glucose) and its derivatives also give the 
reaction, but these bodies are not fermentable by yeast. 

On adding Fehling's solution to a liquid containing creatinin, a green 
liquid is produced, and on boiling a yellow color appears without separation 
of a precipitate of cuprous oxid. 

Acetone. — This is generally present, but only in small amount. Two tests 
are available for its detection : — 

Legal' s Test. — Add to a portion of the sample a few drops of a freshly 
made solution of sodium nitroprussid and then a few drops of a strong sodium 
hydroxid solution. A ruby-red color usually appears which slowly fades to 
yellow. Acetic acid is then added, and if a purple or violet color is produced, 
acetone is present. 

Lieben's Test. — This depends on the formation of iodoform. Alcohol 
gives the same reaction. A few c.c. of the urine are mixed with a little solu- 
tion of iodin and potassium iodid in water, the mixture warmed slightly, then 
sodium hydroxid solution added until the liquid is decolorized. In the presence 
of alcohol or acetone a yellow precipitate subsides, which can be easily recog- 
nized as iodoform by its odor and by its six-sided crystals, visible under 
moderate magnifying power. 

Dr. J. H. Long recommends that these tests be applied to liquid obtained 
by mixing a considerable volume of the urine with a little phosphoric acid, 
and distilling until about one-tenth of the volume has .been collected. 

Aceto-acetic Acid (Diacetic Acid). — The urine known to be free from 
unusual substances administered as remedies, the production of a wine-red 
color, on addition of a little ferric chlorid, indicates aceto-acetic acid. Its 
presence in urine is often noted in cases of diabetes, and it has considerable 
significance. 

Indican. — This is a colorless body which, by action of acids, forms indigo 
blue. Of the tests for its detection that proposed by JaS€ is best : 10 c.c. of 
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the uiine am mixed with an equal volume of strong hydrocbloric acid uid about 
3 c.c, of cMorofofm. Several c.C. of strong solulion of clilorated lime (pre- 
viously iiUered) is then added, drop by drop, shaking after each addition. 
The mixture is then allowed (o stand a few minutes, when the chlorofotm 
will collect at the bottom in a layer wliich will be more or less deeply blue 
in proportion to the indican present. 
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Albumin. — According to Hoffmann and Ultzmann, the white £ 
.daced in the cold nitric acid lest may be used as a fair approiimatit 
amount of albumin present. If this zone has the depth of from 
one tenth to one-eighth of an inch and appears clearly defined only 
against a dark ground, the amount of albumin is less than one- 
half of one per cent. If the zone be between one-siitb and 
one-quaiter of an inch deep, granular, opaque, and visible with- 
out a dark background, the amount is about one-half per cent. 
If the albumin becomes flocculent and separates in lumps, the 
amount is from one to two per cent. 

The quantity of albumin does not usually exceed one-half of one 
per cent. The practice of boiling the urine and, after adding acid, 
noting the bulk of the precipitate, is of no value. Such phrases as 
one-quarter or one-half albumin, often used to express these results, 
are incorrect. 

Esbach's Method This depends on the volume of the pre- 
cipitated albumin measured in a special form of lube called Esbach's 
albumometer. The manipulation is as follows ; The tube is tilled to 
the point U with the sample to be tested, and then to the point R 
with a liquid prepared by adding I gram of puie picric acic 
grams pure citric acid to loo c.c. of water. If this solutior 
clear it should be filtered before being u»ed. After filling the tube 
as noted, it is closed with a good stopper, shaken several t 
and then allowed to stand upright for twenty-four hours, 
volume of the precipitate may iTien be read off on the special 
scale at the lower part of the lube. The observation must be made at ordinary 
temperatures and under the conditions noted. Urines very rich in albumin 
should be diluted with a definite volume of water, and this dilution allowed 
for. The method is fairly accurate foi clinic purposes, especially for mccei- 
live observations on the same case. 
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Sugar. — The most suitable method for clinical purposes h the Volometric 
estimation of Fehling's solution. This must be accurately made aBccc»dii^ 
to the following formula given by Allen, which agrees with the usual 
•fermnla except that the amount of Rochelle salt is slightly increased* 
34.64 grams of pure crystallized copper sulfate are dissolved in distilled water 
and the solution made up to 500 c.c. 70 grams of sodium hydroxid (ill 
sticks) and 180 grams of Rochelle salt are dissolved in 400 c.c. of water and 
the solution made up to 500 c.c. Each solution should be kept in a well- 
corked bottle. For use, equal bulks of the two liquids are mixed. To deter- 
mine the proportion of sugar, ten c.c. of the mixed solution is put into a porce- 
lain basin, diluted with water, and the liquid brought to boiling; a few finag- 
ments of clay pipe may be added to prevent bumping. The urine diluted to five 
or ten its volume, according to probable amount of sugar present, is then added 
from a graduated burette in small amounts, the liquid boiled after each addi- 
tion, and after a moment's rest the basin is tilted slightly, so that the color oT 
the solution can be seen against the white surface. The porcelain dish tdth 
handle, called the casserole, is suitable for this work. If the liquid thus 
examined shows a blue tint, another portion of urine must be added, the mix- 
ture boiled, and the result noted as before. When no more blue tint is seen, 
the quantity of urine used should be noted and after carefully rinsing the 
basin the experiment is repeated for more accurate record. Each ten c.c. of 
Fehling's solution prepared as above Is equal to 0.05 gram of sugar. 

To get accurate results the quantity of sugar should not exceed one per 
cent. 

Urea. — Quantitative determinations are generally made by means of hypo- 
chlorites or h3rpobromites, which decompose the urea completely by the reac- 
tion: — 

CH^NjO + sNaQO = jNaCl + CO, + 2Ufi + N,. 

If an alkaline solution is used the CO, will be absorbed, and the volume 
of N will be proportioned to the urea present. Hypochlorites do not produce 
so complete an action as h3rpobromites, so that the latter are usually preferred, 
althoi^h less convenient, requiring to be prepared as needed. The hypo- 
Alorite must contain excess of sodium carbonate. The formulae given by the 
U. S. Pharmacopeias of 1870 and 1890 are correct ; that of 1880 is unsuitable. 
It is stated that the commercial sodium hypochlorite, Labarraque's solution, 
may be made sufHciently active by adding potassium bromid in the proportion 
of one gram to twenty -five c.c. of the hypochlorite solution. 

Many forms of apparatus have been suggested. The cut shows a simple 
one devised by Dr. C. A. Doremus. 
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Sodinffl hg'polnoMite' solution is pt^wied hj diuolving lo grams of sodium 
hjrdioiid in 25 e.<t. ol water, and adding caWMUsl; 3-5 c.c. oC bTomin. U 
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di>es not keep well, and, tberefore, sbonld be prepared as vanted, bnt itmfiy 
be preserved for b short lime in a tightly stopped bottle away from the liglit. 
Bromin is exttemely irritating and coiTosiva, and llie solution should be nude, 
in the open air or in a well ventilated apartment. 

To use the apparatus, it is filled with the hypobromite solution so that 
when placed as in the cut, the liquid partly fills the large bulb. A large 
watch-glass, or shallow dish, may be placed under the tube to catch any 



overflow. A measured quantity of 
of the dropping tube, the opening of 
of the upright tube. It is well 
(hat no gas bubbles or urine escape ii 
minutes the volume of nitrc^en gas 
tui.en (o correspood lo .002S of 
should be tried on samples of no 
the manipulalioDS. Dorerous' apporal 



is then introduced by means 
this being pushed well into the bend 
the apparatus a little forward to insure 
[o the la^e bulb. After about twenty 
5 read off. I c.c. of nitrogen may bo 
gram (.04 grain) of urea. The method 
ine, to familiarize the operator with 
is graduated to show actual amount 
of the urine. Parke, Davis & Co. 
tnvenient form and Dr. Squibb also furnishes one. Full 
accompany each in 
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Dr. Chas. Rice advised the use of bromin dissolved in water by aid of 
potassium bromid. This being kept as a stock solution, measured portions 
of it containing the proper quantity of bromin can be conveniently employed. 
Squibb has investigated this method and finds it satisfactory. The solution 
may be prepared as follows : lo grams of potassium (or sodium) bromid are 
dissolved in 8o grams of water, lo grams of bromin added and the liquid 
shaken gently from time to time until the bromin is dissolved. When used 
in Squibb's apparatus, 3 c.c. of the sodium hydroxid solution (10 grams 
NaHO in 25 c.c. of water) are mixed with 3 c.c. of the bromin solution ; after 
gently shaking, the mixture is ready for use. With Doremus' or Parke, 
Davis & Co.'s apparatus a somewhat larger amount of each must be used. 

Phosphoric Acid. — The best process of estimating this body would be 
to acidify a known volume of the urine with nitric acid and add solution 
of ammonium molybdate. After standing for an hour or so in a warm place 
the precipitate — ammonium phosphomolybdate — is collected on a filter, 
washed with water acidulated with nitric acid, then dissolved in dilute 
ammonia. To this solution is added a mixture of magnesium sulfate and 
ammonium chlorid (i), and the resulting precipitate is collected on a filter, 
washed with very dilute ammonia water, dried, burned, and weighed. The 
weight multiplied by 0.64. will give the amount of phosphoric anhydrid, 

PA- 

Several approximate methods have been devised. 

For the so-called earthy phosphates, Hoffmann and Ultzmann recommend 
that a test-tube, about six inches in length, and three-quarters of an inch 
wide, should be filled one-third full with the clear urine, and a few drops, of 
ammonium hydroxid or sodium hydroxid be added, and the mixture heated 
slightly. The phosphates will separate in Hakes, and in fifteen minutes will 
have subsided, if the tube is left at rest. If the layer of sediment is about 
one-third of an inch high the amount is normal ; any marked departure from 
this can be easily noted. 

The alkaline phosphates may be estimated by adding to the urine about 
one -third its volume of a mixture made with about equal parts of magnesium 
sulfate, ammonium chlorid, and ammonium hydroxid, dissolved in about eight 
times the quantity of water. A normal quantity of alkaline phosphates will 
give with this mixture a uniformly mt/fy appearance. 
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URINARY SEDIMENTS. 

The sediments which form in urine may be either organized or unor- 
ganized. All the forms require the microscope for their satisfactory identifi- 
cation. The organized sediments are principally tube-casts, blood or other 
corpuscles, epithelial cells, and spermatozoids. Many matters entirely foreign 
to the urine may find their way into it, either by design or accident. I have 
known a deposit of collodion and iodoform to be mistaken for a urinary 
sediment, and attempts made to induce physicians to believe that a piece of 
brick was a urinary calculus. Those who use the microscope for urinary 
analysis should familiarize themselves with the appearance of common 
objects, such as hair of various kinds, cotton and other fibres, fragments of 
wood, milk globules, etc. 

The unorganized sediments are principally uric acid, urates, phosphates, 
and oxalates. Uric acid is generally in lozenge- or boat-shaped crystals. 
Urates are indistinctly crystalline ; phosphates are generally in distinct pris- 
aiatic crystals ; oxalates in small, regular octahedra. 



URINARY CALCULI. 

The common forms of urinary calculi are composed of either uric acid, 
earthy phosphates, or calcium oxalates. Potassium, sodium, or calcium 
urates may also be found, and two bodies — xanthin and cystin — are found 
quite rarely. The common calculi are generally mixtures of several of the 
above mentioned bodies. Calcium oxalate and uric acid often form the nuclei 
around which other matters deposit. The distinction of the different forms 
is based principally on the action of heat. 

1. A portion of the calculus is heated to redness on a piece of platinum 
foil. a. No residue is left. See 2. b, A fixed residue is left. See 3. 

2. Apply the murexid test, page 173. If this gives a result, the calculus 
is either uric acid or ammonium urate. If no result occurs, the substance is 
either xanthin or cystin. See 5. 

3. Add a drop of hydrochloric acid to the residue when cold. a. It 
effervesces. The original body was either a urate or oxalate. See 4. b. 
It does not effervesce. The calculus is a phosphate. The result may be 
confirmed by dissolving a portion of the calculus in hydrochloric acid, and 
adding solution of ammonium molybdate ; a yellow precipitate will be 
formed. 

4. Apply the murexid test to a portion of the original body. If it responds, 
the body is a urate ; if not, an oxalate. 
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5. The solution of the original body in nitric acid turns yellow on evapoia- 
tion, and leaves a residue insoluble in potassium carbonate : xanthin. The 
solution in nitric acid turns dark brown and leaves a residue soluble, in 
ammonium hydroxid : cystin. 



ANTIDOTES TO COMMON POISONS. 

Blfineral Acids^ — Baking soda, magnesia, chalk, lime, washing soda, soap. 

Caustic Alkalies. — ^Weak acids, vinegar, lemon juice, fixed oils. 

Oxalic Acid. — Lime, magnesia, chalk. 

Carbolic Acid. — Sodium sulfate, oils, albumin. 

Tartar Emetic. — ^Vegetable astringents, tannin, green tea. 

Corrosive Sublimate. — ^White of egg or other form of albumin. 

Copper Sulfate. — ^White of egg, oils. 

Sugar of Lead. — Soluble sulfates, especially magnesium sulfate or sodium 
sulfate. 

Arsenic. — Ferric hydroxid freshly prepared. 

Silver Nitrate. — Common salt. 

lodin. — Flour paste or starch water. 

Zinc Chlorid. — ^Albumin. 

Phosphorus. — Magnesia, old oil of turpentine, sanitas fluid. 

Alkaloids Generally. — Animal charcoal and vegetable astringents. 

Hydrocyanic Acid. — A mixture of ferrous and ferric salts wiUi sodium 
carbonate. 
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Molybdenum, 

Nickel, . 

Niobium, 

Nitrogen, 
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Refraction (see Eye) 14 

Rest 19 

Sanitary Science m 16 

Serum-Therapy 17 

Skin 23 

Spectacles (see Eye) 14 

Spine (see Nervous Dis- 
eases) 19 

Stomach 23 

Students' Ck)mpends. . . . . 27 
Surgery and Surgical Dis- 
eases 24 

Technological Books. . » . . 9 

Temperature Charts 26 

Therapeutics 17 

Throat 25 

Toxicology • 18 

Tumors (see Surgery) .... 24 

U. S. Pharmaoopcsia 22 

Urinary Organs 25 

Urine 26 

Venereal Diseases 26 

Veterinary Medicine 26 

Visiting Lists, Physicians'. 
{S^na tor Circular,) 

Water Analysis 16 

Women, Diseases of. ... . 15 



Self -Examination tor Medical Students. 3500 Quetttons on 
Medical Subjects, with References to Standard Works in which 
the correct replies will be found. Together with Questions 
from State Examining Boards. 8d Ed. Paper Cover, 10 eta. 
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SPECIAL INOTB.— The prices giTea in this oatalotu* are 
net; no discount can be allowed retail purchasers under any con- 
sideration. This rule has been established in order that everyone 
will be treated alike, a Koneral reduction in former prices harinc 
been made to meet previous retul discounts. Upon receipt oi 
the advertised price any book will be forwarded by ouul or 
express, all charges prepaid. 



ANATOMY. EMBRYOLOGY. 

MORRIS. Text-Book of Anatomy. Third Revised and Enlarged 
Edition. 846 Illustrations, 267 of which are printed in colors. 
Thumb Index in Each Copy. Cloth, $6.00 ; Leather, $7.00 

"The ever-growing popularity of the book with teachers and 
students is an index of its value." — Medical Records New York, 

BROOMELL. Anatomy and Histology of the Human Mouth 
and Teeth. 2d Edition, Enlarged. 337 Illus. Cloth, $4.50 

DAVISON. Mammalian Anatomy. With Special Reference 
to the Cat. 108 Illustrations. $1.50 

BEAVER. Surgical Anatomy. A Treatise on Anatomy in its 
Application to Medicine and Surgerv. With 409 very hand- 
some full-page Illustrations En^Eravea from Original Drawings 
made by special Artists from dissections prepared for the pur- 
pose. Three vols. By Subecription only. 

Half Morocco or Sheep, $30.00; Half Russia, $33.00 

OORDiniER. Anatomy of the Central Nervous System. With 
271 Illustrations, many of which are original. Cloth, $6.00 

HEATH. Practical Anatomy. 9th Edition. 821 Blue. $4.25 

HOLDEN. Anatomy. A Manual of Dissections. Revised by A. 

Hbwson, u.]».. Demonstrator of Anatomy, Jefferson Medical 

College, Philadelphia. 320 handsome Illustrations. 7th Ed. 

In two compact 12mo volumes. 850 pages. Large New Type. 

Vol. I. Scalp— Face— <)rbit— Neck— Tliroat--Tliorax-Hjp- 

per Extremity. $1.50 

Vol. II. Abdomen — Perineum — Lower Extremity — ^Brain — 

Eye — Ear — Mammary Gland — Scrotum — ^Testes. 

$1.50 

HOLDEN. Human Osteology. Comprising a Description of the 
Bones, with Colored Delineations of the Attachments of the 
Muscles. The General and Microscopical Structure of Bone 
and its Development. With Lithographic Plates and numer- 
ous Illustrations. 8th Edition. $5.25 

HOLDEN. Landmarks* Medical and Surgical. 4th Ed. .75 

HUGHES AND KEITH. Dissections. With 527 Colored Plates 

and other Illustrations. In t^iree parts. 

I, Upper and Lower Extremity. $3.00 

II, Abdomen — ^Thorax. $3.00 

III, Head — Neck— Central Nervous System. $3.00 

LAZARUS-BARLOW. Pathological Anatomy. 21 Plates and 
171 other lUustrations. $6.50 

McMURRICH. Embryology. The Development of the Human 
Body. 276 Illustrations. $3.00 

3-28-04 
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UARSHALL. Phyiiolofical Diacrami. Eleyen Lifa^ixe 
Colond Diacranui (each seven feet by three feet seven inches). 
Deaigned for Demonstration before the Class. 

In Sheets, Unmounted, $40.00; Backed with Muslin and 
Mounted on Rollers, $60.00; Ditto, Spring Rollers, in hand- 
some Walnut Wall Map Case, $100.00; Single Plat«s— Sheets, 
$5.00; Mounted, $7.50. Explanatory Key, .50. Ptarefuuer 
mutt pay fnight eharoea. 

MDrOT. Laboratory Text-Book of Embryology. 218 Illustra- 
tions. $4.60 

POTTER. Compend of Anatomy. Including Visceral Anatomy. 
7th Edition, Revised and Enlarged. Numerous Tables, 16 
Plates and 138 other Illustrations. $1.00 ; Interleaved, $1.25 

TOMES. Dental Anatomy. 6th Edition. In Press, 

WILSON. Anatomy. 11th Edition. 420 Illus., 26 Plates. $5.00 

TUTZY. Guide to the Dissection of the Human Bodv. Based 
on Morris' Anatomy. Paper Cover, .25 

BACTERIOLOGY. 

COffn. Agricultural Bacteriology. Including the Study of 
Bacteria as relatizur to Agriculture, Soil, Dairy and Food 
Products, Sewage, Domestic Animals, etc. Illustrated. $2.50 

CONII. Bacteria in Milk and Its Products. Designed for 
Students of Dairsring, Boards of Health, Bacteriologists, etc. 
Illustrated. $1.25 

EMERY. Bacteriological Diagnosis. 2 Colored Plates and 32 
other Illustrations. $1.50 

HEWLETT. Manual of Bacteriology. 75 Illustrations. Second 
Edition, Revised and Enlarged. $4.00 

HEWLETT. Serum-Therapv. Bacteriological Therapeutics 
and Vaccines. Illustrated. $1.75 

SMITH. Laboratorv Exercises in Bacteriology. A Handbook 
for Students. Illustrated. $1.50 

WILLIAMS. Bacteriology. A Manual for Students. 90 Illus- 
trations. 3d Edition, Revised. $1.50 

BLOOD, Examination of. 

DA COSTA. Clinical Hematology. A Practical Guide to the 
Examination of the Blood, with Reference to Diagnosis. Six 
Colored Plates and 48 other Illus. Cloth, $5.00; Sheep, $6.00 

BRAm AND mSAinTY (see also 
Nervous Diseases.) 

BARR. Mental Defectives. Illustrated. In Press. 

BLACKBURN. A Manual of Autopsies. Designed for the Use 
of Hospitals for the Insane. Illustrated. $1.25 

CHASE. General Paresis. Illustrated. $1.75 

DERCUM. Mental Therapeutics, Rest, Suggestion. Sss Cohsn, 
Physiologic ThorapotUics, page 17. 

OORDIIVIER. The Gross and Minute Anatomy of the Central 
Nervous System. With full-page and other Illus. $6.00 
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OtBLAlTD. Th« Mental Affection* of Children. 2d Ed. $4.00 

LEWIS (BEVAH). Mental Diseatet. A Text-Book havins 
Special Reference to the Pathological Aspects of Insanity. 26 
Lithographic Plates and other Illustrations. 2d Ed. S7.00 

MANH. Manual of Psychological Medicine. $3.00 

PBRSHINO. Diagnosis of Rervous and Mental Disease. Illue- 
trated. $1.26 

REGIS. Mental Medicine. By H. M. Bannutbr. u.9. $2.00 

STEARITS. Mental Diseases. With a Digest of La^s Relating 
to Care of Insane. Illustrated. Cloth, $2.75; Sheep, $3.25 

TUKE. Dictionary of Psychological Medicine. Giving the 
Definition of Terms and the Ssrmptoms, Pathology, and 
Treatment of Mental Disorders. Two volumes. $10.00 

WOOD, H. C. Brain and Overwork. .40 



CHEMISTRY AND TECHNOLOGY. 

Special Catalogue of ChemiaU Booke eerU free upon applieatum, 

ALLEN. Commercial Organic Analysis. A Treatise on the 
Modes of Assaying the Various Organic Chemicals and Prod- 
ucts Employed in the Arts, Manufactures, Medicine, etc., 
with Concise Methods for the Detection of Impurities, Adul- 
terations, etc. 8vo. 

Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc.. Ethers 
Vegetable Acids, Starch, Sugars, etc. 3d Edition. $4.50 
Vol. II, Part I. Fixed Oils and Fats, Glycerol, Explosives, 
etc. 3d Edition. $3.50 

Vol. II, Part II. Hydrocarbons, Mineral Oils, Lubricants, 
Bensenes, Naphthalenes and Derivatives, Creosote, Phenols, 
etc. 3d Edition. $3.50 

Vol. II, Part III. Terpenes, Essential Oils, Resins, Camphors, 
etc. 3d Edition. In Preee. 

Vol. Ill, Part I. Tannins, Dyes, and Coloring Matters. 3d 
Edition, Enlarged and Rewritten. Ulustrated. $4.50 

Vol. IIIj Part II. The Amines, Hydrasines and Derivatives, 
Pyridme Bases. The Antipyretics, etc. Vegetable Alka- 
loids, Tea, Coffee. Cocoa, etc. 8vo 2d Edition. $4.50 
Vol. Ill, Part III. Vegetable Alkaloids, Non-Basic Vegetable 
Bitter Principles. Ajiimal Bases, Animal Acids, Cyanogen 
Compounda, etc. 2d Edition, 8vo. $4.50 

Vol. IV. The Proteids and Albuminous Principles. 2d 
Edition. $4.50 

BAILBT AUD CADT. QuaUtative Chemical Analysis. $1.25 

BARTLBT. Medical and Pharmaceutical Chemistry. A Text- 
Book for Medical, Dental, and Pharmaceutical Students. With 
Illustrations, Glossary, and Complete Index. 5th Ed. $3.00 

BARTLBT. Clinical Chemistry. The Examination of Feces, 
Saliva, Gastric Juice, Milk, and Urine. New Edition. In Preee. 

BLOXAM. Chemistry, Inorganic and Organic. With Experi- 
ments. 0th Ed., Revised. 284 Engravings. $6.00 

BUIIGS. Physiologic and Pathologic Chemistry. From the 
Fourth German Enlarged Edition. $3.00 

CALDWELL. Elements of Qualitative and Quantitative Chem- 
ical Analysis. 3d Edition, Revised. $1.00 
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CAMERON. Soap and Candles. 54 Illustrations. $2.00 

CLOWES AND COLEMAN. Quantitativs Analysis. 6th Edi- 
tion. 125 Illustrations. $3.50 
COBLENTZ. Volumstric Analysis. Illustrated. $1.25 
C0N6D0N. Laboratory Instructions in Chemistry. With 
Numerous Tables and 56 Illustrations. $1.00 
GARDNER. The Brewer, Distiller, and Wine Manufacturer. 
Illustrated. $1.50 
GRAY. Physics. Volume I. Dsmamics and Properties of 
Matter. 350 Illustrations. $4.50 

GROVES AND THORP. Chemical Technology. The Applica- 
tion of Chemistry to the Arts and Manufactures. 
Vol. I. Fuel and its Applications. 607 Illustrations and 4 
Plates. aoth, $5.00; i Mor., $6.50 

Vol. II. Lighting. Illustrated. Ooth, $4.00; i Mor., $5.50 
Vol. III. Gas Lighting. Cloth. $3.50; i Mor.. $4.50 

Vol. IV. Electric Lighting. Photometry. 

Ooth, $3.50; i Mor., $4.50 
HEUSLER. The Chemistry of the Terpenes. $4.00 

HOLLAND. The Urine, the Gastric Contents, the Common 
Poisons, and the Milk. Memoranda, Chemical and Micro- 
scopical, for Laboratory Use. 6th Ed. Illustrated. $1.00 

LEFFMANN. Compend of Medical Chemistry, Inorganic and 
Organic. 4th Edition, Revised. $1.00; Interleaved, $1.25 

LEFFMANN. Analysis of Milk and Milk Products. 2d Edition, 
Enlarged. Illustrated. $1.25 

LEFFMANN. Water Analysis. For Sanitary and Technio Pur- 
poses. Illustrated. 5th Edition. Just Ready. $1.25 

LEFFMANN. Structural Formulae. Including 180 Structural 
and Stereo-Chemical Formula. 12mo. Interleaved. $1.00 

LEFFMANN AND BEAM. Select Methods in Food Analysis. 
lUustrated. 2d Edition. In Press. 

MUIR. Elements of Chemistry. In Press, 

MUTER. Practical and Analytical Chemistrv. 3d American 
from the Ninth English Edition. Revised to meet the re- 
quirements of American Students. 56 Illustrations. $1.25 

OETTEL. Exercises in Electro-Chemistry. Illustrated. .75 

OETTEL. Electro-Chemical Experiments. Illustrated. .75 

RICHTER. Inorganic Chemistiy. 5th American from 10th 
Gennan Edition. Authorised translation by Edoab F. Smith, 
U.A , PH.D. 89 Illustrations and a Colored Plate. $1.75 

RICHTER. Organic Chemistry. 3d American Edition, trans- 
lated from the 8th German by Edqar F. Smith. Illus. 2 vols. 
Vol. I. Aliphatic Series. 625 pages. $3.00 

Vol. II. Carbocyclic Series. 671 pages. $3.00 

ROCKWOOD. Chemical Analysis for Students of Medicine, 
DentistiT, and Pharmacy. Illustrated. $1.50 

SMITH. Electro-Chemical Analysis. 3d Ed. 39 Illus. $1.50 

SMITH AND KELLER. Experiments. Arranged for Students 
in General Chemistry. 5th Edition. Illustrated. .60 

SUTTON. Volumetric Analysis. A Sjrstematio Handbook for 
the Quantitative Estimation of Chemical Substances by 
Measure, Applied to Liquids, Solids, and Gases. 9th Edition, 
Revised. 112 Illustrations. Nearly Beady. 

TRAUBB. Physico-chemical Methods. 07 Illustrations. $1.50 
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THRBSH. Water and Water Suppllet. 3d Edition. $2.00 

ULZER AHD FRAENKBL. Chemical Technical Analyiia. 
Translated by Fleck. Illiutrated. $1.25 

WOODT. Essentiali of Chemlitrj and Urinalyiii. 4th Edition. 
Illustrated. $1.50 

%* Special Caialoout of Booka on ChtmUfry fre§ upon appHeation, 

CHILDREN. 

BARR. Mental Defectives. Illustrated. In Preas. 

HATFIELD. Compend of Diseases of Children. With a 
Colored Plate. 3d Ed. $1.00; Interleaved, $1.25 

IRELAND. The Mental Affections of Children. Idiocy, Im- 
becility, Insanity, etc. 2d Edition. $4.00 

POWER. Surgical Diseases of Children and their Treatment 
by Modem Methods. Illustrated. $2.50 

STARR. The Dicestive Organs in Childhood. The Diseases of 
the Digestive Organs in Infancy and Childhood. 3d Edition, 
Rewritten and Enlarged. Illustrated. $3.00 

STARR. Hygiene of the Nursery. Including the General Regi- 
men and Feeding of Infants and Children, and the Domestic 
Management of the Ordinary Emergencies of Early Life, 
Massage, etc. 6th Edition. 25 Illustrations. $1.00 

SMITH. Wasting Diseases of ChUdren. 6th Edition. $2.00 

TAYLOR AND WELLS. The Diseases of Children. 2d Edition, 
Revised and Enlarged. Illustrated. 8vo. $4.50 

DIAGNOSIS. 

BERRY. Surgical Diagnosis. In Press, 

DA COSTA. Clinical Hematology. A Practical Guide to Exam- 
ination of Blood, with Reference to Diagnosis. 6 Colored 
Plates, 48 other Illustrations. Cloth, $5.00; Sheep, $6.00 

DOUGLAS. Surgical Diseases of Abdomen» with Reference to 
Diagnosis. 20 Full-Page Plates. Cloth, $7.00 : Sheep, $8.00 

EMERY. Bacteriological Diagnosis. 2 Colored Plates and 32 
other Illustrations. $1.50 

MEMMINGER. DUgnosis by the Urine. 2d Ed. 24IUu8. $1.00 

PERSHING. Diagnosis of Nervous and Mental Diseases. 
Illustrated. $1.25 

STESLL. Physical Signs of Pulmonary Disease. $1.25 

TYSON. Handbook of Physical Diagnosis. For Students and 
PhjTsieians. By the Professor of Clinical Medicine in the Uni- 
versity of Pennsylvania. Illus. 4th Ed., Improved and En- 
Itfged. With 2 Colored and 55 other Illustrations. $1.50 

DENTISTRY. 

Special Catalogue of Dental Books sent free upon applieatum, 

BARRETT. Dental Surgery for General Practitioners and 
Students of Medicme and Dentistry. Extraction of Teeth, 
ete. 3d Edition. Illustrated. $1.00 
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BROOMELL. Anatomy and Histology of the Human Mouth 
and Te«th. Second Edition, ReviBed and Enlarced. 337 
handsome lUustrations. Cloth, $4.50; Leather, $5.50 

FILLEBROWIV. OperatiTe Dentistry. Illustrated. $2.25 

GORGAS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 7th Edition. Qoth, $4.00; Sheep.$5.00 

GORGAS. Questions and Answers for the Dental Student. 
Embracing all the subjects in the Curriculum of the Dental 
Student. Octavo. $6.00 

HARRIS. Principles and Practice of Dentistrr. Including 
Anatomy, Physiology, Pathology, Therapeutics, Dental Sur- 

S)ry, and Mechanism. 13th Edition. Revised by F. J. S. 
OKOAS, M.D., D.D.a. 1250 Illus. Cloth, $6.00; Leather, $7.00 

HARRIS. Dictionary of Dentistry. Including Definitions of Such 
Words and Phrases of the Collateral Sciences as Pertain to the 
Art and Practice of Dentistry. 6th Ekiition, Revised and 
Enlarged by Fbrdinand J. S. GoKOAa, m.»., ».D.e. 

aoth, $5.00; Leather, $6.00 

RICHARDSON. Mechanical Dentistry. 7th Edition. Thor- 
oughly Revised and Enlarged by Dn. Gno. W. Warrbn. 691 
Illustrations. Cloth, $5.00; Leather, $6.00 

SMITH. Dental Metallurgy. 2d Edition. Illustrated. $2.00 

TAFT. Index of Dental Periodical Literature. $2.00 

TOMES. Dental Anatomy. 263 Illustrations. 6th Ed. In Free; 

TOMES. Dental Surgery. 4th Edition. 289 Illus. $4.00 

WARREN. Compend of Dental Pathology and Dental Medicine. 
With a Chapter on Emergencies. 4th Edition. Illustrated. 

$1.00; Interleaved, $1.25 

WARREN. Dental Prosthesis and Metallurgy. 129 Illus. New 
Edition, Enlarged and Revised. Nearly Ready. 

WHITE. The Mouth and Teeth. Illustrated. .40 

DICTIONARIES. CYCLOPEDIAS. 

GOULD. The Illustrated Dictionary of Medicine, Biology* and 
Allied Sciences. Being an Exhaustive Lexicon of Medicine and 
those Sciences Collateral to it: Biology (Zoology and Botan;^), 
Chemistry, Dentistry, Pharmacology, Microscopy, etc., with 
many useful Tables and numerous fine Illustrations. 1633 
pages. Fifth Edition. 

Sheep or Half Morocco, $10.00; with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 

GOULD. The Medical Student's Dictionary, nth Edition. Il- 
lustrated. Including those Words and Phrases generally used 
in Medicine, with their Proper Pronunciation and Definition, 
Based on Recent Medical Literature. With Table of Epo- 
nymic Terms and Tests and Tables of the Bacilli, Micrococci, 
^neral Springs, etc., of the Arteries, Muscles, Nerves, Ganglia, 
Plexuses, etc. Eleventh Edition. Enlarged and illustrated 
with a large number of Engravings. 840 pages. 

Half Morocco, $2.50; with Thumb Index, $3.00 
Flexible Leather, Burnished Edges, Thumb Index, $3.50 
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GOULD. The Pocket Pronouncing Medical Lexicon. 4th Edi- 
tion. (30,000 Medical Words Pronounced and Defined.) Con- 
tainins all the Words, their Definition and Pronunciation, 
that the Medical, Dental^ or Pharmaceutical Student Gener- 
ally Comes in Contact with; also Elaborate Tables of Epo- 
nymic Terms, Arteries, Muscles, Nerves, Bacilli, etc., etc., a 
Dose List in both Englinh and Metric Systems, etc., Armnged 
in a Most Convenient Form for Reference and Memorising. 
Fourth Edition, Revised and Enlarged. 838 pages. 
Full Limp Leather, Gilt Edges. $1.00; Thumb Index, $1.25 
165,000 Copies of Gould's Dictionaries have been sold. 

GOULD AIVD PYLE. Cyclopedia of Practical Medicine and 
Surgery. Seventy-two Special Contributors. Illustrated. One 
Volume. A Concise Reference Handbook of Medicine, Sur- 
gery, Obstetrics, Materia Medica, Therapeutics, and the Vari- 
ous Specialties, with Particular Reference to Diagnosis and 
Treatment. Compiled under the Editorial Supervision of 
Gbgrob M. Gould, m.b., Author of "An Illustrated Dictionary 
of Medicine," etc.; and Wax;tbk L. Ptlb, m.d.. Assistant 
Surgeon Wills Eye Hospital: formerly Editor "International 
Medical Magasine," etc., and Seventy-two Special Contribu- 
tors. With many Illustrations. Large Square 8vo, to corre- 
spond with Gould's ' ' Illustrated Dictionary." 
Full Sheep or Half Mor.. $10.00; with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 net. 

GOULD AlfD PYLE. Pocket Cyclopedia of Medicine and Sur- 
gery. Based upon above book and uniform in sise with 
^'Gould's Pocket Dictionary." 

Full Limp Leather, Gilt Edges, $1.00 
With Thumb Index, $1.25 

HARRIS. Dictionary of Dentistry. Including; Definitions of 
Such Words and Phrases of the Collateral Sciences as Pertain 
to the Art and Practice of Dentistry, dth Edition, Revised 
and Enlarged by Fbbdinand J. S. Goroas, m.d., d.d.s. 

aoth, $5.00; Leather, $6.00 

LONGLEY. Pocket Medical Dictionary. Qoth, .75 

TREVES AHD LANG. German-English Medical Dictionary. 

Half Calf, $3.25 

DIET AND FOOD. 

ALLEN. Proteids and Albuminous Principles. An analsrtical 
Study of Food Products. 2d Edition. $4.50 

BURNETT. Foods and Dietaries. A Manual of Clinical Diet- 
etics, with Diet Lists for Various Diseases, etc. 3d Ed. $1.50 

DAVIS. Dietotherapy. Food in Health and Disease. With 
Tables of Dietaries, Relative Value of Foods, etc. 8€§ Cohen, 
Phytiolooic TherapeuHca, pag€ 17. 

GREENISH. Microscopical Examination of Foods and Drugs. 
Illustrated. $3.50 

HAIG. Diet and Food. Considered in Relation to Strength and 
Power of Endurance. 4th Edition. $1.00 

LEFFMANN. Select Methods in Food Analysis. 2d Edition. 
Ihustrated. In Pr&f. 
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EAR (see ialso Throat and Nose). 

BURNETT. Heftring and How to Ke«p It Illuitrat«d. .40 

HOVELL. Diteaiei of the Ear and Naio-Pharynz. Including 
Anatomy and Physiolof^y of the Organ, together with the 
Treatment of the AfiFeotiona of the Nose and Pharmx which 
Conduce to Aural Diaeaae. 128 Illuitrationa. 2d Ed. $6.60 

PRITCHARD. Disease* of the Ear. 4th Edition, Enlarged. 
Many Illustrations and Formul». In Pr§M, 

ELECTRICITY. 

BIGELOW. Plain Talks on Medical Electricity and Batteries. 
With a Therapeutic Index and a Glossary. 43 Illustrations. 
2d Edition. $1.00 

HBDLBT. Therapeutic Electricity and Practical Muscle Testing. 

00 Illustrations. $2.60 

JACOBT. Electrotherapy. 2 volumes. Illustrated. 8m Cohtn, 
PhyHologie TherapeuticM, page 17. 

JONES. Medical Electricity. 3d Edition. 117 Illua. $3.00 

EYE. 

A Special Cireuiar of Books on tht By tent free upon appliecUion, 

DARIER. Ocular Therapeutics. Jtiet Beady, $3.00 

BONDERS. The Nature and Consequences of Anomalies of 
Refraction. With Portrait and Illus. Half Morocco, $1.26 

PICK. Diseases of the Eye and Ophthalmoscopy. Translated 
by A. B. Halb. m.b. 167 Illua. Qoth, $4.60; Sheep, $6.60 

OOULD AND PYLE. Compend of Diseases of the Eye and Re- 
fraction. Including Treatment and Operations, and a Section 
on Local Therapeutics. With Formulse, Useful Tables, a 
Glossary, and 111 Illus., several of which are in colors. 2d 
Edition, Revised. Cloth, $1.00; Interleaved, $1.26 

OOWERS. Ophthalmoscopy. 4th Edition. Illus. In Preae. 

6RSEFF. The Microscopic Examination of the Eye. Illus- 
trated. $1.26 
HARLAN. Eyesight* and How to Care for It Illus. .40 

HARTRID6E. On the Ophthahnoscope. 4th Edition. With 
4 Colored Plates and 68 Wood-cuts. $1.60 

HARTRID6E. Refraction. 104 Illustrations and Test Tsrpes. 
12th Edition, Enlarged. $1.60 

HANSELL AND SWEET. Treatise on Diseases of the Eye. 

With 263 Illustrations. $4.00 

HANSELL AND REBER. Muscular Anomalies of the Eye. 

Illustrated. $1.60 

HENDERSON. Notes on the Eye. 138 Ulus. 3d Ed. $1.60 

JENNINGS. Manual of Ophthalmoscopy. 06 Dluatrations and 

1 Colored Plate. $1.60 

MORTON. Refraction of the Eye. Its Diagnoda and the Cor- 
rection of its Errors. 7th Edition. In Preae 

OHLEMANN. Ocular Therapeutics. Authorised Translation, 
and Edited by Dn. Chaklm A. Ouvax. $1.76 
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PARSONS. Elementary Ophthalmic Optics. With Diasram- 
matio Illuetrations S2 00 

PHILLIPS. Spectacles and Eyeglasses. Their Prescription 
and Adjustment. 3d Edition. 52 Illustrations. $1.00 

SWAHZT. Diseases of the Eye and Their Treatment 8th 
Edition, Revised and Enlai^d. 168 Illustrations. 1 Plain 
Plate and a Zephyr Test Card. S2.50 

THORINGTON. RetinoKopy. 4th Edition, Carefully Revised. 
Illustrated. $1.00 

THORINGTON. Refraction and How to Refract 200 Illustra- 
tions, 13 of which are colored. 2d Eklition. $1.60 

WALKER. Student' Aid in Ophthalmology. Colored Plate 
and 40 other Illustrations and a Glossary. $1.50 

WORTH. Squint : Its Causes, Pathology, Treatment $2.00 

WRIGHT. Ophthalmology. 2d Edition, Revised and Enlarged. 
117 Illustrations and a Glossary. $3.00 

FEVERS. 

OOODALL AND WASHBOURN. Fevers and Their Treatment 
Illustrated. $3.00 

WILCOX. Fever Nursing. Jwt Ready. $1.00 

GYNECOLOGY. 

BTFORD (H. T.). Manual of Gynecology. 3d Edition, Revised 
and Enlarged. 363 Illustrations. $3.00; Sheep, $3.50 

FULLERTON. Surgical Nundng. 3d Edition, Revised and 
Enlarged. 60 Illustrations. $1.00 

GALABIN. Diseases of Women. Sixth Edition. By Alfrbd 
Lewis Galabxn, m.a., u.d., f.r.c.p. 6th Edition, Revised 
and Enlarged. 284 Illustrations. Octavo. Cloth, $5.00 

LEWERS. Diseases of Women. 146 Illus. 5th Ed. $2.50 

MONTGOMERY. Practical Gynecology. A Complete Sys- 
tematic Text-Book. 2d Edition, Revised and Enlarged. 
With 539 Blus. Cloth, $5.00; Leather, $6.00 

ROBERTS. Gynecological Pathology. With 127 Full-page 
Plates eontaining 151 Figures. $6.00 

WELLS. Compend of Gynecology. 145 Illustrations. 3d Edition, 
Revised and Enlarged. $1.00; Interleaved, $1.25 

HEART. 

THORNE. The Schott Methods of the Treatment of Chronic 
Heart Disease. Fourth Edition. Illustrated. $2.00 

HISTOLOGY. 

GUSHING. Compend of Histology. By H. H. CusBixa, M.B., 
Demonstrator of Histolonr, Jefferson Medical College, Phila- 
delphia. Ulus. Nearly Ready, $1.00; Interleaved, $1.25 

LAZARUS-BARLOW. Pathological Anatomy and HirtflOonr, 
Illustrated. 9fM 
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STIRLING. Outlinei of Practical Hittologr. 368 lUuatrations. 
2d Edition, Revised and Enlarged. With new lUua. $2.00 

STOHR. Histology and Microscopical Anatomy. Edited by 
A. ScHAPBR, M.D., University of Breslau, formerly Demon- 
strator of Histology, Harvard Medical School. Fifth Amer- 
ican from 10th German Edition, Revised and Enlarged. 353 
Illustrations. $3.00 

HYGIENE. 

CANFIELD. Hygiene of the Sick-Room. A Book for Nurses 
and Others. Being a Brief Consideration of Asepsis, Anti- 
sepsis, Disinfection, Bacteriology, Immunity, Heatmg, Venti- 
lation, etc. $1.25 

CONII. Agricultural Bacteriology. Illustrated. $2.50 

CONN. Bacteriology of IGlk and Milk Products. Hlus. $1.25 

COPLIN. Practical Hygiene. A Complete American Text- 
Book. 138 Illustrations. New Ekiition. Prepartng. 

HARTSHORNE. Our Homes. Illustrated. .40 

KENWOOD. Public Health Laboratory Work. 116 Illustra- 
tions and 3 Plates. $2.00 

LEPPMANN. Select Methods in Food Analysis. 53 Illustra- 
tions and 4 Plates. 2d Edition. In Press. 

LEFFMANN. Examination of Water for Sanitary and Technical 
Purposes. 5th Edition. Illustrated. Jitst Beady. $1 .25 

LEFFMANN. Analysis of Milk and Milk Products. Illustrated. 
Second Edition. $1.25 

LINCOLN. School and Industrial Hygiene. .40 

McFARLAND. Prophylaxis and Personal Hygiene. Care of 
the Sick. See Cohen, Physiologic TherapetUicSt page 17. 

NOTTER. The Theory and Practice of Hygiene^ 15 Plates and 
138 other Illustrations. 8vo. 2d Edition. $7.00 

PARSES AND KENWOOD. Hygiene and PubUc Health. 2d 
Edition, Enlarged. Illustrated. $3.00 

ROSBNAU. Disinfection and Disinfectants. Hlus. $2.00 

STARR. The Hygiene of the Nursery. Including the General 
Regimen and Feeding of Infants and Children, and the Domes- 
tic Management of the Ordinary Emergencies of Early Life, 
Massage, etc. 6th Ekiition. 25 Illustrations. $1.00 

STEVENSON AND MURPHY. A Treatise on Hygiene. By 
Various Authors. In three octavo volumes. Illustrated. 

Vol. I, $6.00; Vol. II. $6.00; Vol. III. $5.00 

THRESH. Water and Water Supplies. 3d Edition. $2.00 

THRESH. Examination of Water and Water Supplies. In Press, 

WILSON. Handbook of Hygiene and Sanitary Science. With 
Illustrations. 8th Edition. $3.00 

WEYL. Sanitary Relations of the Coal-Tar Colors. Authorised 
Translation by Hbnrt L>ffmanm, m.d., ph.d. $1.25 

LUNGS AND PLEURA. 

KNOPF. Pulmonary Tuberculosis. Its Modem Prophylaxis and 
Treatment in Special Institutions and at Home. Illus. $3.00 

STESLL. Phyiical Signs of Pulmonary Disease. Dlus^ $1.25 
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UASSAGE. PHYSICAL EXERCISE. 

GULICE. Pbfsiiiil Education by Muscular Eicrciie. lUus- 
tisted. J ml Ready. .75 

OSTROU. Huun and the Oridiul Swedith HoTinntt. 
Th*ir Applicition to Varioua Djhuh at th* Body. A Uuiual 
for Btudsnti, Nun«. and FhyiiaiuiL Filth Edition. Ed- 
lamd. llfi IlluitralioDi, maDy of whioh arc ciriiinKt. Il-W 

MITCHELL UTD GITLICK. UKbuotherapT. EisrciiB. Oilbo- 
ptdlca. UaaiBgSi Ocular CorrecHone, ate lll>i«raud. St 
Cohtn, Phytiotooic Thmraptutia, btioiB- Jumt Ready. 

TREVES. PhTaical Education. Ita Valua. Malhodi, ata. .TS 

MATERIA MEDICA ATTD THERAPEUTICS. 

BBACKEII. OuHinci uF MaKria Hedioaand PhartnacoJocy. IZ.7£ 
COBLEHTZ. Ttae He*ar Ramedlu. Iccludinc thoir SvDonymi, 
" w„L_jj, q[ PrepBralion. Teita, Soiubilitiaa. Daaar 

.r ■- --■ - ■"---■ 

Givinj uaaful in tba Praveniit 

inent of the Siek. HHhuotherapy. Mantil Than 
SunutloD. Eleotrotherapy, Ctimatolodr, Hydro 
Pnaum^tDthenipV, Praphylaiia, Dietatioa, Orfana 

. _ (S-ulneriplian.) Cloih. t 

Spieiat I>ucHp«H Circular tiill bt inij 

SORGAa Dental Uedlclne. A Manual □! Ualaria Uadiea and 
Tbarapeullci. Ttb Edition. Raviasd. 14.00 

OROFE. MaUria Mediae lor Nunea. mth Quaitinai tor Balf- 
Eiamination. 2d Edition, Rayind and Impnivad. tl.ZS 

HELLER. BnantlaU of Uaterla Uadlu, PhiuttiacT. and Pr»- 
ecription Wiltini. tl.£0 

BEwLETT. leruni-TherapT, Vaccines, etc. 11.75 

POTTER. EudboDk of Materia Hedica, PhatBuej, and There- 
IMotici, incIudinE the AdIidd dI Undiainea, Speoial Tberapau- 
tioe. Pharmacolozy. slo., includina oyer 000 Preicriptiou and 
Fonnuln. 9tb Edition, Revlaed and Enlarged. With Thumb 
Index in each copy. Qoth.Ss.OO; Sheep. It) .00 

POTTER. Contpend of Haled* Uedice. Tberapeutlci, and Pra- 
icriptlon Wrltlni, mth SpAcial Kaference to the FhyeiolDdcal 
Action dI Druj.. fllh Edition. ll.OO; InMrlsayed, fl.25 

SAYRE. Orianic Materia Hedica end PhiTDUeo 
IntniduetiuD to tlie Study □[ the VeceUbIs KinnJ 

Phyiiaal Charaotsriitica, Souro*. CoiutilueoU, and Phanua- 
copeiaJ Pteparatione. Ineeota InjurioiiB to Druia. and Pharma- 
cy Botany. With •ectinn) oo Biatolocr and HierotaDhni 
by W. C. SraraHB. 37t Uluatratioiu, many of vh 
xriciDal. 3d Edi^n. 
SCOVILLE. The Art of Compounding. Sd Edlr 
and Enlarged. Jual Ready- 



ao 8DBJKCT CAT'LLOQCIE. 

NURSING (see also Massage). 

Spteiat Cnfofoful at Bnalu /or JVurm •ant frit upon apptieatim. 
CARTIELD. BTd'nt of th* Sick>Boom. A Boc 



Othar IntslliE 
CUFF, L«Hirt 
DAVIS. Bindai 

lUuitrmtiaoi. 

FULLERTOn, Obiottie Kunlnc. fllh Ed. 45 Illiu. tl.OO 
FOLLBRTOn. Smtical Kunlnc. 3d Ed. OB lUu*. 11.00 

GBOPF. 

HADLEY. Gininl, Ucdiul, and Surdcil SuniDt. 

Comploifl MuDual. Indudii* 3iel(-rooni Cookery- 
HnHPHREY. A lUoual lot KuTH*. Ineludini Gcnanl 

STARR. Tb< ariiene of Uia Runanr. Insludini tha GaoonJ 
Ruimao and F»dmR ot Infaou and Chtldnn. and tha Domtm- 
tie UuuESmatil of cb« Oidinarr EmarieDstaa ot Euly Lifa, 
Uaaaa«a. ato. Otb Ldltion. 25 Illunntioiu. (1.00 

TEUPBRATURE AUD CLIHICAL CHAKTS. Baa pa(a 15. 

VOSWIKKEL, Suriical HunliK. Sauond Editios, £iil*rnil. 

II? II1.»trmtiDI|i tl.OO 

rcr HuTilaf. Jual Beadu. 11.00 



1 Kindrad SubJasU for tha Ua* of Nur 



1. With Que>t[oii> tor 6»U 
iaad ud Impra'ed 11.21 

i"3 



OBSTETRICS. 

BDGAK. Tait-Baok of ObitaCrica. Br J. Cuft 
U.D.. ProfaMor of ObaletriM and Clinical Miitwif. 
Deputmant of Comell I 



r. N«w York Cily. etc. 1221 
Clntb, tS.OO; Sbsep, tT.OO 
eth Ed. niui. (1.00 

, RaviiMd by 



J«ffaiviD Medioal CoUaea. 53 Ulua. tl.OO: Inu 

WIHCKEL. Tait-Book of OtDMIilc*, lacludini tl 

ud TharapguUci of tha Puarperal Stall. lUiutn 



DANIEL. Lab 



PATHOLOGY. 

rr Exercises in Tropical I 
iopiiei. A Hanukl of . 



.„ id othar PubUe uuti- 

tutinna. Tan fiill-pa«a PUtw and othar lUaatntioiu. 91.15 
COPUH. Kanii*] at Pttbolon. iDsludini Baotarioloiy, Taab- 



MEDICAL BOOKS. 



EiBmiaatioa of tbe Blood, Six Cotond PUM* ud *B lUu*- 

(ntloiu. ao(h. U.OO; Shiwp, ie.00 

UIZAKUS-BARLOW. PilhoIoEical AnalamT. Wltb 7 Colored 

PUUa and 171 other lUualratioDH. U.£0 

LAZARDS-BARLOW. Goneril or EnMrimeotol Patboloey- 

UluBlrBted. 2d Edilion. Ju.( ««uii,. »0.30 

HicLBOD. Tlia Pithaton ol tha Skin. Colorad and othci 

lUiutmtinoL IS .00 

HARTin. Manual of Pttholoer. IlluMmwd. /lulfiudv. M.OO 
ROBERTS. Gynecoloilcal PatholoET- llluatratsd. fA.OO 

THATER. Compand of Special Pathalon. lUiuiratad. 



THAYER. Manila 
llluatrations. 7 
Oilt Edges, Rdui 



VTRCHOW. Poat- 



of Geaer 



.lOCT. 1 

p Moroc 



PHARMACY. 

SjMcial Calaloirut o/ Bookt on Pharntacv ••nl tra upon oppitmiion 

COBLENTZ. Maaual of Pharmacy A Compteu Taic-Book by 

Ihe ProfBBor in 111. N.W York Coll* ' ^' " ' "■ ' 



COBIBHTZ. Volumetiie Analnia. 
BBASLEV. Book of 3100 Praieripl 
Pradtict □[ th« Moat Etninenl Fhyi 



kbd Sui^ob 

'MBteriB°M<HJioii!'LbU°Df''tb><' Dovaof a!rtlH Offininal and E^ 
lahliaheil Enparatioaa, an lodei of Diaaaaai and iheir Rama- 
diaa Tth mtion. (2.00 

BBASLEY. DrajKln*' General Receljpt Book. ComprUinf a 
Copiom Valarinary ForinuUry, Kaoipea in Pataat and Pro- 
prietary Medioinaa. DruEKiata' noatrumi. etc, ; Parfumarj and 
CoBmeuca, BenraEd*. UieUtio Artlolea and CoDdimaDU, Trada 
Chemioala, Boian^o Proaeawa, and maay Uaeful Tablea. 
lOtli Edilion. 

BEASLET. Pharmaceutical Formulai*, 
Britiab, Fnnali, Carman, and UniladSt: 
CompruiiDE SUtndard and Appnn-ad Fom 
lioDS and CompouDda Employed In Uedi' 

GRBBHISH. MlcroKopical Btamioitioa • 

lllunrawd. »,au 

ROBIKSOn. LatiD Grammai' at Fhannacy and Uedlcinr. 4th 
Edition. With elaborate Vooabulariea, Juil Beadv. (1.50 

SATRE. Orianic Materia Hedlca and PhaimacoiaoiT. Ad 

Introduction to the Study of the Vetotabla Kingd -■ "-- 

Vaietabia and Ammal Druia. Compriaiac tha Be 

Phyuwl Characteriatici, Hoam, Coanituanta. and Phan 

eopaial Pnparaliona. Inatota Xniurioiu to Diua aad Phar- 
maeal Botany, With leeliona on Hiitolofy and Mioroteeli- 
niqiWi by W. 0, SriTitia. 3T4 lUurtrationau Tbird Edition, 
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6C0VILLB. Th* Art of Compounding. Third Edition, R«- 
yiaed and EnUu^ed. Just Beady. Clotii, $2.50 

STEWART. Compend of Plimnnacy, Baaed upon "Beminc- 
ton'i Text-Book of Pharmacy." 6th Edition, Beviaed in 
Aooordance with the U. S. PMrmacopoeia, 1890. Complete 
Tables of Metric and Rnglieh Weiffhts and Meararea. 

$1.00; Interleaved, $1.25 

TAVERA. Medicinal Plants of the PhiUppines. $2.00 

UniTED STATES PHARMACOPCEIA. 7th Decennial Bevision. 
aoth, $2.50 (postpaid, $2.77); Sheep, $3.00 (postpaid, $3.27): 
Interleaved, $4.00 (postpaid, $4.50); Printed on one side of 
page only, unbound, $3.50 (postpaid, $3.90). 

Select Tables from the U. S. P. Being Nine of the Most Impoi^ 
tant and Useful Tables, Printed on Separate Sheets. .25 

POTTER. Handbook of Materia Medica* Pharmacy, and Thera- 
peutics. 600 Prescriptions. 9th Edition. 

Goth, $5.00; Sheep, $6.00 



PHYSIOLOGY. 

BIRCH. Practical Physiology. An Elementary Class Book. 
62 Illustrations. $1.75 

BRUBAKER. Text-Book of Physiology. Illus. Nearly Beady. 

BRUBAKER. Compend of Physiology. 11th Edition, Revised 
and Enlarged. Illustrated. $1.00; Interleaved, $1.25 

JONES. Outlines of Physiology. 96 Illustrations. $1.50 

S3RKES. Handbook of Physiology. 17th Authorised Edition. 
Revised, Rearranged, and Enlarged. By Prof. W. D. Halli- 
burton, of Kings CJollege, London. 681 Illustrations, some of 
which are in colors. C^oth, $3.00 ; Leather, $3.75 

LANDOIS. A Text-Book of Human Physiology;. Including 
Histology and Microscopical Anatomy, with Special Reference 
to the Hequirements of Practical Medicine. 5th Aiherican, 
translated and edited from the last German Edition by A. P. 
Brubaxsr, M.D., and A. A. Ebhnbr, M.D. In Preee. 

STARLING. Elements of Human Physiology. 100 Bins. $1.00 

STIRLING. Outlines of Practical Physiology. Including Chem- 
ical and Experimental Physiology, with Special Referenoe to 
Practical Medicine. 3d Edition. 289 Illustrations. $2.00 

TTSON. Cell Doctrine. Its History and Present State. $1.50 



PRACTICE. 

COHEN. Physiologic Therapeutics. The Treatment of Disease 
by Methods other than Drug-giving. See page 17. 

FAGGE. Practice of Medicine. 4th Edition, by P. H. Ptb- 
Smxth, M.D. 2 volumes. Vol. I, $6.00; VoL II, $6.00 

FOWLER. Dictionarv of Practical Medicine. By various 
writers. An Encyclopedia of Medicine. 

Cloth, $3.00; Half Moroeoo, $4.00 



MEDICAL BOOKS. tt 

60DLD AIID PYLE. CfcloiMdla ol PnctlMl Htdlctn* utt 

SaifttJ. A Caacist Reference Uuidbooli. iritb puUcniliu' 
Refenasa ta Dimeaoiii knd Trentment. Edilwl by Da*. 
QoDLD Slid Ptlb, AariBWd by 72 Speaiitl Coniributan. lUiu- 
trited, one volume. Laita Squua OoUra. Uniform with 
■ ■Gould'i Uluntriitoil DiolionKT- ' 

Sheep or Half Uor., tlO.OO: with Thumb ladsi, SIl.OO 
Hait Riunm, Thumb Index. 112.00 
t^ CompliU ducripliwt drcvtar fra upon application. 

GODLD AHD PYLE'S PoiAet Crelopedii o" 

gety. Biwcl u— ■'-- ■ ' "-^' 

Comen. tl.OO; with Thumb Index. tl-25i 
HUGHES. Compend of the Practice cl UnUcine. eth EdltioD, 

Part 1. Cantinued. E^ptiva, ud Pariodisal Fenre, Dkeua 

of the Stonuoh. Inteatinee. Peritoneum. Biliwy PitnKgM, 

Linr, Kidneyi. etc.. uid OensraJ DisauH. ela. 

Put II. Diwwag of tb* Rupiratory Syatam, Clroulatory 

Syetam. and Nervoua System; Diaaaaea of the Blood, eta. 

Prioa of eanh put. Sl.OO; Interleaved, »1.3G 

PhTiician'i Edition. Id ooe volume, indudipc the abova two 

parM. a Stetioa on SIcio Diaeasei. and u fDdei. Qtb Re- 

viud Edition. 625 pp. Full Murosoo. Gilt Edsa, •2.Zfi 

TAVLOR. Practice of Uadlcloe. Cth Edition. M.OO 

TKSOn. The Practice 

ProTeHor of Uedieine in the Univen 

CompLala SyiWmatie Text-book, wjtii SpeaiaJ Keferanoe to 
Diasnoaia and Treatment. 3d Edition. Enlvced and Reviaed. 
Colorvd Platei and 125 other lIluRrationi. 

Cloth. tfi.eO; Leather. IB.SO 

STOMACH. IMTESTIHES. 

FEUWICE. Caocer of the StoDiacb. Juil Rudy. S3.00 

BEHHETER. Diieaiei of the Stomach. Their Spaeial Fathol- 
ocy. Diacnoiia. and Tnatmem. With Becliooa od Aoatomy. 
Analyaii o[ Stomach Coiitrnu. DIeletici. Surcery of Ibe Slom- 
aeh. ate. 3d Edition. Raviied. With IS Plalaaand 41 othai 
lUualrationa, tt number of which are in ooiora. 

Qoth. (fl.OO; Sheep. (7.00 
BBHUETER. Diieaiea of the iDteitlnei. Their Spaoial Path- 
ology, Diasnoaia, and Treatment. With Seatiool on Anatomy 
and Phyaiology, MioroBcopio and Cbemia Examination of Id- 
teatinal Contenti. Seonrtiona, Fwea and Urine. Intaitinal 
Bacteria and Paranlea, Surcery of the Intaaliuea. Diatotloa, 
^ ^ . ..,.., ^ „ „ . jpi,^ 

raIuma7crath7t5'6o7sheep, Se.OO 



BULKLEY. The Skin In Health and Diieaae. Illunraled. .40 
CROCKER. Dleeaiet of the Skio. Their Deacription. Pathol- 

ozy, Diajnoaia, and Twatnient, witb Special RafemiM to lb* 

Stm Eruption* of CtiUdnin. 3d Edition, Thoniuihly Rniaad. 

Witb New IJIustratioos. Ootb. S6.00; Shaep, H.OO 

HacLEOD. The Patholoiy of Ihi Sldn. Colored and oUmt 

IIluitratioDi. W.OO 
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MOULLDI. Text-Book of Sumry. With Special Referenee to 
Treatment. 3d Amerioan £dition. Revieed and edited by 
John B. Hamilton. m.»., ll.d., Professor of the Principles of 
Sursery and Clinical Surgery, Rush Medical CoUene, Chicago. 
023 Illustrations, many cm; which are printed in colors. 

Ooth, $6.00; Leather, S7j00 

VOSWnrKBL. surgical Nursing. Second Edition, Revised and 
Enlarged. Ill Illustrations. $1.00 

WALSHAM. Manual of Practical Surgery. 8th Ed., Reyised 
and Enlarged. 622 Engravings and 20 Skiagrams. 1227 
pages. $4.60 



TEMPERATURE CHARTS, ETC, 

GRIFFITH. Graphic Clinical Chart for Recording Teinpera- 
ture* Respiration, Pulse, Day of Disease, Date, ^e. Sex, Occu- 
pation, Name, etc. Printed in three colors. Sample copies 
nee. Put up in loose packages of fifty, 50 cts. Price to 
Hospitals, 600 copies, $4.00; 1000 copies, $7.60. 

KEEN'S Clinical Charts. Seven Outline Drawings of the Body 
on which may be marked the Course of Disease, Fractures, 
Operations, etc. Each Drawing may be had separately, 
twenty-five to pad, 26 eents. 



THROAT AND NOSE (see also Ear). 

COHEN. The Throat and Voice. Illustrated. .40 

HALL. Diseases of the Nose and Throat. 2d Edition, Enlarged. 
Two Colored Plates and 80 Illustrations. $2.76 

HOLLOPETER. Hay Fever. Its Successful Treatment. $1.00 

KNIGHT. Diseases of the Throat. A Manual for Students. 
Illustrated. Jtut Ready. $3.00 

KTLE (J. J.). Diseases of the Ear, Nose, and Throat. A Com- 
pend for Students. Illustrated. $1.00; Interleaved, $1.25 

McBRIDE. Diseases of the Throat, Nose, and Ear. With Col- 
ored Illustrations from Original Drawings. 3d Eki. $7.00 

POTTER. Speech and its Defects. Considered Physiologically, 
Pathologically, and Remedially. $1.00 



URINE AND XTRINARY ORGANS. 

CA8PER AND RICHTER. Functional Kidney Diagnosis. $1.60 

HOLLAND. The Urine, the Gastric Contents, the Common 
Poisons, and the Milk. Memoranda, Chemical and Micro- 
scopical, for Laboratory Use. Illustrated and Interleaved. 
6th Edition. $1.00 

KLSBN. Diabetes and Glycosuria. $2.60 
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MBMMINOER. Diagnosis by the Urine. 2d Edition. 24Illiis> 
trations. $1.00 

MORRIS. Renal Surgeryy with Special Reference to Stone in the 
Kidney and Ureter and to the Surgioal Treatment of Calculous 
Anuria. Illustrated. $2.00 

MOULLDf. Enlargement of the Prostate. Its Treatment and 
Radical Cure. 3d Edition. Illustrated. In Press. 

MOULLDf. Inflanunation of the Bladder and Urinary Ferer. 
Ootavo. $1.60 

TYSON. Bright* s Disease and Diabetes. Including Articles on 
Ocular Manifestations by Prof. G. E. db Schwbinitz. 
Colored Plates and other Illustrations. 2d Edition. In Press, 

TTSOn. Guide to Examination of the Urine. For the Use of 
Physicians and Students. With Colored Plate and Numerous 
Illustrations engraved on wood. 10th Edition, Revised, En- 
larged, and partly Rewritten. With New Illustrations. Jtut 
Beady, $1.60 

VAN NUTS. Chemical Analysis of Urine. 39 lUus. $1.00 

VENEREAL DISEASES. 

OOWERS. Ssrphilis and the Nervous System. $1.00 

STUROIS AND CABOT. Student's Manual of Venereal Diseases. 
7th Revised and Enlarged Edition. 12mo $1.25 



*' The important anatomical points are clearly set forth, the 
eonditions indicating or contraindicating operative interference 
are given, the details of the operations themselves are brought 
forward prominently, and frequently the after->treatment is 
eonsidered. Herein is one of the strong points of the book." — 
New Ycrk Medical Journal. 






VETERmARY. 

BALLOU. Equine Anatomy and Physiology. 29 Qraphie 

Illustrations. $1.00; Interleaved, $1.25 | 



JACOBSON. The Operations of Surgery. By 
W. H. A. Jacobson, F.R.C.8., Surgeon to 
Guy's Hospital ; Consulting Surgeon Royal 
Hospital for Children and Women ; and F. 
J. Steward, f.r.c.8., Assistant Surgeon 
Guy's Hospital. Fourth Edition — Revised, 
Enlarged, and Improved. 550 Illustrations. 
Two Volumes, Octavo, 1524 pages. 

Cloth, $10.00; Sheep, $12.00 



DA COSTA 



Clinical Hematology 



A Practical Guide to the Examination of the Blood by 
Clinical Methods. With Reference to the Diagnosis of 
Disease. With Colored Illustrations. Cloth, j^5.oo 

*^^*A new, thorough, S3rstematic, and comprehensive 
work, its purpose being, first, to show how to examine the 
blood, and second, how to diagnose from such examination 
diseases of the blood itself and general diseases. The 
author's aim has been to cover not alone the field of original 
research, but to supply a book for the student, the hospital 
physician and the general practitioner. It will be found 
wanting in none of these respects. 

THAYER 



Manual of Pathology 

GENERAL AND SPECIAL 

Second Edition. 131 Illustrations. 711 Pages. 
i2mo. Full Limp Morocco, Gilt Edges, 
Round Comers, $2.50. 

This book shows evidence of clinical as well as pathologi- 
cal knowledge. It is a practical, concise, up-to date manual 
by a teacher of experience. 
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The Pocket CyclopediaL of 
Medicine and Surgery 

Full Limp Leather, Round Corners, Gilt Edges, $L00 
With ThuMb Index, $1^ 

Untform v)Hh ** Gould's Pocket JHcHomuy'^ 



A condae practical voksme of nearly 600 
pages, cootainiiif a vast amount o£ infor- 
mation on all medical subjects, including 
Diagnosb and Treatment of Disease, 
with Formulas and Preicriptionsy Emer- 
gendes. Poisons, Drugs and Their Uses, 
Nursing, Surgical Procedures, Dose List 
in both English and Metric Systemsy etc* 

By Drs, Gould and Pyle 

Based upon their large ^C7cl€>pedia of 
Medidne and Surgery •'^ Jt Jt Jt 



*^* This is a new book which will prove of the greatest 
value to students. It is to the broad field of general medi- 
cal information what <* Gould's Pocket Dictionary" is to 
the more special one of definition and pronunciation of 
words. The articles are concise but thorough, and arranged 
in shape for quick reference. In no other book can be 
found so much exact detailed knowledge so conveniently 
classified, so evenly distributed, so methodically grouped. 
It is Multum in Parvo, Sample Pagea Free. 



A NEW EDITION 



Crocker on the Skin 



The Diseases of the Skin. Their Description , Pathology, 
Diagnosis, and Treatment, with Special Reference to the 
Skin Eruptions of Children. By H. Radcliffe Crocker, 
M.D., Physician to the Department of Skin Diseases, Uni- 
versity College Hospital, London. With new Illustrations. 

Third Edition, Rewritten and Enlarged 

OCTAVO. JUST READY I CLOTH. $5.00 

%* This new edition will easily hold the high position 
given the previous printings. The author is a member of 
American, English, French, German, and Italian Dermato- 
logical Societies, and a recognized authority the world over. 



STURGIS— MANUAL OF 
VENEREAL DISEASES 



By F. R. Sturgis, m.d., Sometime Clinical Professor of 
Venereal Diseases in the Medical Department of the Uni- 
versity of the City of New York. Seventh Edition, Revised 
and in Part Rewritten by the Author and Follen Cabot, 
M.D., Instructor in Gcnito-Urinary and Venereal Diseases 
in the Cornell University Medical College. i2mo. 216 
pages. Cloth, j^i.25 

*^* This manual was originally written for students' 
use, and is as concise and as practical as possible. It pre- 
sents a careful, condensed description of the commoner 
forms of venereal diseases which occur in the practice of 
the general physician, together with the most approved 
remedies. 
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FOR THE DISSECTING ROOM 

Holden's Anatomy — Seventh Edition 
320 Illustrations 

A Manual of the Dissections of the Human Body. By John 
Langton, f.r.c.s. Carefully Revised by A. Hewson, m.d. , 
Demonstrator of Anatomy, Jefferson Medical College, Phila- 
delphia, etc. 320 Illustrations. Two small compact vol- 
umes. i2mo. 

Vol. I. Scalp, Face, Orbit, Neck, Throat, Thorax, Upper 
Extremity. 435 pages. 153 Illustrations. 

Oil Cloth, 1 1. 50 

Vol. II. Abdomen, Perineum, Lower Extremity, Brain, 
Eye, Ear, Mammary Gland, Scrotum, Testes. 
445 pages. 167 Illustrations. 

Oil Cloth, ;^I. 50 

Each volume sold separately. 



HugKes QLnd KeitK — Dissections 
lUustraLted 

A Manual of Dissections by Alfred W. Hughes, m.b., 
M.R.cs. (Edin. ), late Professor of Anatomy and Dean of 
Medical Faculty, King*s College, London, etc., and Arthur 
Keith, m.d.. Joint Lecturer on Anatomy, London Hospital 
Medical College, etc. In three parts. "With $27 Colored 
and other Illustrations. 

I. Upper and Lower Extremity. 38 Plates, 1 16 other 
Illustrations. Cloth, t'^.oo 

II. Abdomen. Thorax. 4 Plates, 149 other Illus- 
trations. Cloth, ;^3.oo 

III. Head, Neck, and Central Nervous System. 16 

Plates, 204 other Illustrations. Cloth, $3.00 

t 
Each volume sold separately, 

*^* The student will find it of great advantage to have 
a "Dissector** to supplement his regular text-book on 
anatomy. These books meet all requirements, and as they 
can be purchased in parts as wanted, the outlay is small. 
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EDGAR'S 

OBSTETRICS 

A NEW TEXT- BOOK 
> 1 22 1 Illustrations 



Edgar's Obstetrics excels all 
other works on this subject 

» 

in completeness, in uni- 
formity and consistency in 
arrangement, thoroughness 
and clearness in handling 
details, and in the number 
and usefulness of its illus- 
trations. See page 20. 



OCTAVO. CLOTH, $6,005 SHEEP, $7.00 



cA Companion Volume to GoutcTs docket ^cHonafy 

A POCKET CYCLOPEDIA 



OF 



MEDICINE ^ SVRGERY 



EDITED BY 

GEORGE N. GOVLD. A.M.. N.D. 

Author of ** Gould's Medical Dictionaries i '' Editor of ** American Medicine'' 

AND 

WALTER L. PYLE. A.M^ M.D. 

Assistant Surgeon Wills Eye Hospital, Philadelphia | formerly Editor 
** International Medical Magazine," etc. ' 



BEING BASED UPON GOULD AND PYLE'S LARGE " CYCLOPEDIA OF 
PRACTICAL MEDICINE AND SURGERY" 



Vnifform with Gould's Pocket Dictionary. 64mo. Flexible Leather. 
Gilt Edges, Round Comers, net $1.00 ; with Thumb Index, $1.25 




HIS book bears to Gould and Pyle's large "Cyclopedia of Medicine 
and Surgery ' ' a relation similar to that which the Pocket Dic- 
tionary bears to Gould's complete *• Illustrated Dictionary." As 
the Dictionary gives the derivation, pronunciation, and definition 
of medical words, the Cyclopedia is designed to furnish general 
information concerning medical subjects. Every subject, concerning which 
the student may desire a brief and thorough description, supplementing the 
mention which may be given in lectures or a general text-book, is taken up 
and treated thoroughly and concisely. To those desiring concise authoritative 
information on medical or surgical themes or who wish to look up any new 
term or matter of recent discovery and use, the book will prove invaluable. 
It includes articles on Emergencies, Hygiene, Poisons, Nursing, etc.; describes 
Drugs and their Uses ; gives Treatment of Diseases ; explains Surgical Oper- 
ations ; contains many Prescriptions and Formulae, Tables of Differential 
Diagnosis, Dose Table in both English and Metric Systems, etc. 
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1012 WALNUT STR " "lA 
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To avoid fine, this book should be returned on 
or before the date last stamped below. 



f'yi 24 1916 



-.»•» 



ST 



S^ 



8 



T9tS 



, DEC -5 73 



cc 



♦%. 



HftYl6'2/ 
K/ly20'27 



M( 



W. 



- HC 



Vol. II. 



AIXMOCAAtlV^UO. f ^3 1^**'& 



\.o« 



PATH- 

ians. By 

iversity of 

Edition. 

ers, ;^2.5o 

Dingnosis, 
•ByT. E. 
logy, and 
B. 1 2mo. 
)th, ;^2.oo 

Clifton 
', Medical 
ig Obstet- 
ustrations, 
in Colors, 
her, $7.00 

Seventh 
•ofessor of 
Bity of the 

y FOLLEN 

ases in the 
net, ^1.25 

ion. 330 
t-mortems, 
LIN, M.D., 
jUege, etc. 
; many of 
net, $3.50 

b^ECOL- 

W.D., Pro- 
[a ; Gyne- 
bstrations, 
k/, $S.oo. 

ts Theory 
n to, and 
etc. 622 
€t, ^8^4.50. 

Edition, 
strator of 



v>'ii \^i.\j*.iXf HCty jpl.50 



Abdomen, Perineum, Lower Extremity, Brain, Eye, Ear, 
Mammary Gland, Scrotum, Testes. 160 Illustrations. 
400 pages. Oil Cloth, net, $i.SO 
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